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GENERAL INTRODUCTION 
World food shortage and prospects of inadequate supplies 
in the future have prompted accelerated interest in methods 
of increasing food production. Generally, agricultural pro­
duction can be increased extensively through expanding the 
cultivation area, and intensively by increasing the produc­
tivity per unit of land area and by growing more crops in a 
calendar year on the same unit of land. 
Modern industrialized agriculture, which typically uses 
monocultures or sole cropping, has increased yields enormous­
ly in the developed countries, but the improvement has not 
been without its cost (Horwith, 1985). The production and 
operation of machines and the synthesis of fertilizers and 
pesticides cost an enormous amount of energy. Moreover, an 
increasing number of agricultural scientists are 
concerned about the environmental and health risks of modern 
agriculture practices. Consequently, several technology 
alternatives, i.e., intercropping, a form of multiple crop­
ping, are being reinvestigated for use in developed and de­
veloping countries. 
Multiple cropping, defined by Beets (1982) and Gomez 
and Gomez (1983) as growing more than one crop on the same 
field in a year, is an age-old technique of intensive farming. 
Multiple cropping may be accomplished in several ways. 
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Fundamentally, sequential cropping and intercropping are the 
two main types of multiple cropping. Their definitions are 
well defined elsewhere (Jeffers et al., 1977; Beets, 1982; 
Gomez and Gomez, 1983; Kaplan and Brinkman, 1984; Horwith, 
1985). 
Interplanting a subsequent crop into the standing first 
crop during its late stages of growth is relay intercropping. 
The logic behind relay intercropping is that, during the first 
four to six weeks of growth, the second crop is young and 
does not have much leaf canopy (Triplett et al., 1976). 
During this time, as the first crop matures and is harvested, 
the second crop becomes established. For the remainder of 
the season, the second crop develops without the competition. 
An increasing number of farmers are experimenting with 
relay intercropping in the United States. In the Midwest, 
interest has grown recently in relay intercropping soybean 
(Glycine max (L.) Merrill) into established small grain crops 
(Chan et al., 1980; McBroom et al., 1981). Studies have 
shown that relay intercropping soybean into small grain crops 
caused no significant changes in small grain yields (Pendle­
ton and Dungan, 1953; Pendleton, 1957; Jeffers and Triplett, 
1979; Chan et al., 1980; McBroom et al., 1981; Kaplan and 
Brinkman, 1984). Relay intercropping allows earlier planting 
of the second crop, thereby lengthening its growing season 
(Whighain, 1985; Kaplan and Brinkman, 1984). Due to the 
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relatively short growing season in Iowa, therefore, an early 
planting date of soybean is essential. Generally, the best 
results have been obtained by planting soybean between mid-
boot and the early heading stages of wheat (Triticum aestivum 
L.) (Brown, 1982). When soybean was relay intercropped into 
small grain crops with different row spacings, the highest 
yield of soybean was obtained with narrow row spacing (Jeffers 
and Triplett, 1979; Kaplan and Brinkman, 1984). However, 
Chan et al. (1980) and McBroom et al. (1981) found that inter­
cropped soybean in wider rows yielded more than in narrow 
rows. 
Environmental conditions in a relay intercropping system 
may differ sufficiently from those in a sole crop system and 
require different genotypes for maximum production (McBroom 
et al., 1981). Thus, the choice of soybean cultivars is 
extremely important. Generally, early or short season and 
determinate cultivars gave lower yield than late or full 
season indeterminate cultivars (Jeffers and Triplett, 1979; 
Chan et al., 1980; McBroom et al., 1981; Brown, 1982). 
Harvesting dates of small grain crops are also impor­
tant. Generally, intercropped soybean yields were greater 
when oat. (avena sativa L.) was harvested for silage than 
for grain (Brown and Graffis, 1976). 
Several methods have been used to measure the success 
of intercropping. The simplest and most useful single index 
4 
for expressing the yield advantage of intercropping is Land 
Equivalent Ratio (IRRE, 1974; Trenbath, 1976; Willey, 1979; 
Mead and willey, 1980). The Land Equivalent Ratio (LER) 
concept is considered for a situation where intercropping 
must be compared with growing each species as a sole crop. 
It is defined as the sum of relative yields (fraction of 
sole crop) of the two or more components of the mixture 
(IRRI, 1974, cited by Francis, 1985), or the relative land 
area under sole crops that is required to produce the yield 
achieved in intercropping (Willey, 1979). LER is obtained 
by (Francis, 1985); 
LER = Z(Ii/ki) 
where li = intercropped yield of the ith species, and 
Mi = monocropped yield of the same ith species. 
When LER is more than unity, i.e., an LER = 1.15, the 
value indicates that 15% more land would be required as sole 
crops to produce the same yields as intercropping. When the 
LER is unity, it indicates that the component crops produce 
the same yield when planted either as sole crops or as an 
intercropping system. If the LER is less than unity, com­
petition has reduced yield of one or more of the component 
crops. 
Iowa hectareage of winter grain crops is very small. 
The major winter cereal grain grown in Iowa in recent years 
is winter wheat, at only 12,000 to 14,000 hectares per year. 
5 
About 404,700 hectares of spring-seeded oat are grown in 
Iowa, and some of this hectareage is used for silage. Thus, 
it was appropriate to study the use of oat in a relay inter­
cropping system for Iowa. 
The intent of this study was to investigate the poten­
tial of"relay intercropping soybean into oat with variable 
soybean planting dates, soybean cultivars, CS row spacings, 
and oat harvesting dates. Two experiments were conducted 
at the Iowa State University Agronomy and Agricultural 
Engineering Research Center, Boone, Iowa, in 1983, 1984, and 
1985. Soybean planting dates and cropping system row spac­
ings were investigated in experiment I, whereas soybean 
cultivars, cropping system row spacings and oat harvesting 
dates were investigated in experiment II. 
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PART I. SOYBEAN PLANTING DATE AND ROW SPACING EFFECTS ON 
RELAY INTERCROPPING OF OAT AND SOYBEAN* 
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INTROHJCTION 
Time of planting and the length of overlapping growth 
period are critical in a relay intercropping system (Beets, 
1982). Cereal crops are usually sensitive to the competition 
during tillering and the other crops are sensitive to the 
competition during the transition period between vegetative 
and reproductive development. Brown (1982) stated that the 
calendar dates would not be an accurate indication of plant­
ing dates for relay intercropped soybean. Instead, the 
planting time of soybean should be gauged by the stage of 
growth of a small grain crop, i.e., winter wheat (Brown, 
1983). 
Many researchers have studied planting times for relay 
intercropping of soybean into small grain crops. Different 
optimum planting times were obtained. Brown (1983) reported 
that, in planting soybean, the best results have been obtained 
by intercropping soybean into winter wheat between mid-boot 
and early heading stages of winter wheat. Earlier plantings 
often lead to early, excessive soybean growth and winter wheat 
harvest problems, particularly in the years with excess mois­
ture or severe winter wheat lodging. Whigham and Bharati 
(1985) stated that soybean planting should be timed to avoid 
serious physical damage to the companion crop. This usually 
means planting soybean before the cereal crop has headed. 
Studies were conducted to evaluate the proper time to 
8 
relay intercrop soybean into the standing small grain crop 
by using the calendar dates. Jeffers and Triplett (1979) re­
ported that a decrease in winter wheat yield was observed when 
relay intercropped with soybean at different planting dates 
(April 21, 30 and May 9). The yield reduction of winter wheat 
was more pronounced with a later soybean planting date (May 
9), whereas soybean yields were increased. Machine traffic 
damage was responsible for the reduction in winter wheat 
yield, while a higher plant density was responsible for the 
increase in soybean yields (Jeffers and Triplett, 1979). 
However, Jeffers et al. (1977) were unable to find the con­
nection between soybean planting dates and yield, when soybean 
was relay intercropped into winter wheat. 
Generally, the grain yield of a sole crop is higher 
than the grain yield of intercropping either in the case of 
small grain crops or soybean (Jeffers and Triplett, 1979; 
Mohta and De- 1980: McBroom et al,. 1981; Ahmed and Rao. 
1982; Elmore and Jackobs, 1984; Kaplan and Brinkman, 1984). 
For corn (Zea mays L.)-soybean intercropping, Allen and 
Obura (1983) showed that maximum yields of corn and soybean 
were 70 and 54% of the sole cropped yields, respectively. 
Spatial competition with soybean may be the main reason for 
the decrease in corn yield in an intercropping system (Ahmed 
and Rao, 1982). Similarly, the decrease of soybean yield in 
intercropping systems probably was due to the shading effect 
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of corn. 
A report of cropping system effects on yield components 
of soybean has been prepared by Elmore and Jackobs (1984). 
They reported that the number of pods per plant, number of 
seeds per plant, and the seed weight (grams per 100 seeds) 
of sole cropped soybean (39.0, 26.7, and 18.3, respectively) 
were greater than those of the intercropped soybean (20.8, 
21.8, and 17.3, respectively). 
Conventional row spacings may be unsatisfactory for 
relay intercropping. A small grain crop and soybean in a 
relay intercropping system and as a sole cropping system 
encounter different environmental conditions. Narrow row 
spacings permit rapid canopy cover, a condition which may 
increase soybean yields (Murphy et al., 1983). Benson and 
Shroyer (1981) reviewed soybean research in Iowa from 1960-
1977 and found that row spacings less than the traditional 
row widths produced higher yields. The average yield in­
crease over a 101 cm row spacing was approximately 10, 17, 
and 22% when adjusted to 75, 50, and 25 cm row spacings. The 
sole-cropped yields of small grain crops in narrow row spac­
ings were greater than in wider row spacings (Chan et al., 
1980). In contrast, yields of intercropped small grain crops 
decreased with wider row spacings. When soybean was inter­
cropped into winter wheat, Jeffers and Triplett (1979) found 
that the alternate row pattern (2 wheat rows-1 soybean row) 
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decreased wheat yield about 10% from sole cropped and less 
frequent skips (i.e., 3 or 4 wheat rows-1 soybean row) did 
not affect wheat yields. 
The results of several studies on sole-cropped soybean 
under different row spacings have shown that soybean yields 
in many regions were frequently increased by planting in 
narrow rows (Donovan et al., 1953; Reiss and Sherwood, 1965; 
Weber et al., 1956; Cooper, 1977; Safo-Kantanka and Lawson, 
1980; Spilde et al., 1980). The effect of narrow rows has 
been explained by the fact that the closer canopy may inter­
cept a large percentage of the solar radiation (Shibles and 
Weber, 1966). 
Intercropped soybean in wide rows yielded more than in 
narrow rows (Chan et al., 1980). When soybean was inter­
cropped into oat in 21, 41, 61, and 81 cm rows, the yields of 
soybean were 1610, 2050, 2060 and 2510 kg ha respective­
ly. Kaplan and Brinkman (1984) demonstrated that the yields 
of relay intercropped soybean tended to be greater when soy­
bean was intercropped into gaps of thinned stands of oat and 
barley than when they were planted in unthinned stands. 
However, in unthinned stands, soybean yields increased with 
wider row spacings. In thinned stands, soybean yields were 
similar regardless of row spacings. Jeffers and Triplett 
(1979), however, showed that the intercropped soybean in wide 
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rows yielded less than in narrow rows (2250 vs 2450 kg ha~^). 
There are several ways to evaluate the relative advan­
tages of an intercropping syston as opposed to a sole 
cropping system. One is the Land Equivalent Ratio, LER 
(Francis, 1985; Whigham and Bharati, 1985). Galal et al. 
(1985) evaluated corn and soybean cultivars in different 
intercropping patterns in an attempt to raise the LER. They 
found that the LERs were greater than 1.00 for intercropping 
treatments. Evidence was found (Benjasil and Na-Lampang, 
1985) that the later the planting dates of soybean into 
corn, the higher the LERs of the intercropping treatments. 
The LER values ranged from 1.10 to 1.18. Allen and Obura 
(1983) also reported that corn-soybean intercropping produced 
LERs of 1.22 and 1.10 in 1980 and 1981, respectively. The 
total land productivity increased 31 and 48% (LER 1.31 and 
1.48, respectively) when Mohta and De (1980) intercropped 
soybean with sorghum and corn, respectively. The increased 
LER was obtained in a 120 cm row spacing of corn and a 90 cm 
row spacing of sorghum, respectively. The benefits from 
intercropping were reported to be due to better utilization 
of both below-ground and above-ground resources. 
The objectives of this study were to (a) compare the 
yield of a relay intercropping system to a sole cropping 
system of both oat and soybean, (b) study the proper dates 
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of planting soybean in a relay intercropping system, 
(c) evaluate the responses of plant characteristics of soy­
bean and oat under different row spacings in a relay inter­
cropping system, and (d) determine if relay intercropping 
systems will improve the land use efficiency in central 
Iowa. 
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MATERIALS AND METHODS 
The experiment was conducted during 1983, 1984, and 
1985 at the Iowa State University Agronomy and Agricultural 
Engineering Research Center, Boone, Iowa. The 1983 experi­
ment was located on the Bruner Farm where the soil is pre­
dominantly a Webster (Typic Haplaquolls) silt loam. The 
1984 and 1985 experiments were located on the Burkey Farm 
and consisted of a Nicollet (Aquic Hapludolls)-Webster 
(Typic Haplaquolls) soil complex. 
Treatments consisted of three cropping system (CS) row 
spacings (25, 51, and 76 cm) based on row spacing of soybean, 
three soybean planting dates (7-10 days pre-boot, boot, and 
7-10 days post-boot stages of oat), and two cropping systems 
(sole cropping and relay intercropping). The soybean culti-
var Pella (indeterminate type) and the spring oat cultivar 
Lang were used in this experiment. 
Due to the planting procedure of soybean into oat stand, 
the effects of oat row spacing and soybean row spacing in 
relay intercropping system were confounded. The confounded 
effect of oat and soybean row spacing, hereafter, is re­
ferred to as CS row spacing effect. 
A randomized complete block design was used with three 
replications in each treatment combination. Each plot was 
3.05 m wide and 9.14 m long. Cropping systems consisted of 
sole oat, sole soybean, and relay intercropped oat and 
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soybean. 
The site of the experiment in 1983 had been planted to 
corn the previous year. The plot area was fall chisel plowed 
in 1982 after the application of 40 kg ha~^ of phosphorus and 
75 kg ha ^ potassium. During the spring of 1983, the field 
was disked and nitrogen was applied at the rate of 50 kg ha ^ 
before planting. 
The 1984 and 1985 experimental sites had been planted 
to soybean crops the previous year. Fall chisel plowing and 
spring disking were used for land preparation. The experi­
mental area was fertilized with 27 kg ha~^ of phosphorus and 
50 kg ha ^  of potassium in the fall of each year. In the 
spring, nitrogen was applied at the rate of 50 kg ha~^ before 
planting. Propachlor at the rate of 2.8 kg a.i. ha"^ was 
applied as a preemergence herbicide to control foxtail 
(Setaria viridis) and other grassy weeds during 1985. 
Bentazon at the rate of 1»12 kg a.i. ha ^ was applied as a 
postemergence herbicide at 5 weeks after oat planting to 
control broadleaf weeds, i.e., velvetleaf (AbutiIon 
theophrasti), smartweed (Polygonum pensylvanicum), and 
cocklebur (Xanthium pensylvanicum). In 1985, following oat 
harvest and the emergence of soybean, sethoxydim at the rate 
of 1.43 kg a.i. ha ^ was applied for grassy weed control 
(R. S. Fawcett, Agronomy Department, Iowa State University, 
Ames, Iowa, personal communication, 1985). Supplemental 
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hand-weeding vas also done as necessary to reduce the weed 
competition. 
Oat was planted as a first crop with each row 25 cm 
apart. Oat was seeded at the rate of 90 kg ha Randomized 
within the sole soybean plots and the relay intercropped 
plots were CS row spacings of 25, 51, and 75 cm. Soybean 
planting dates were gauged by the stages of oat development, 
namely; 7-10 days pre-boot, boot, and 7-10 days post-boot. 
Planting dates of oat and soybean are shown in Table Al, 
Appendix. 
Relay intercropped soybean in 25 cm row spacings were 
planted midway between the oat rows. Hereafter, this row 
combination will be referred to as planting pattern 1 (PI). 
To plant soybean in 51 and 76 cm row spacings, every other 
row and every third row of oat, respectively, were destroyed 
by applying glyphosate at the rate of 0.8 kg a.i. ha~^. 
Soybean was then planted at the desired row spacings. Here­
after, 51 and 75 cm row spacings will be called planting 
patterns 2 and 3 (P2 and P3), respectively. Between two rows 
of soybean in PI and P2, one oat row remained and, in P3, two 
oat rows remained between each two rows of soybean. The 
"" 2 
seeding rate of soybean was approximately 52 seeds m~ , 
which has 13, 25, and 39 seeds per linear meter in 25, 51, 
and 76 cm row spacings, respectively. 
Oat harvesting date for grain at maturity was done by a 
15a 
a small plot combine. Soybean grain harvesting dates and 
oat harvesting dates are shown in Table Al, Appendix. 
According to planting patterns, the harvested areas of oat 
and soybean in PI, P2, and P3 were 7.74 (1.016 m x 7.62 m), 
7.74 (1.015 m x 7.52 m), and 11.51 (1.524 m x 7.52 m) square 
meters, respectively. In either sole cropping or relay inter­
cropping system, the numbers of rows harvested for soybean 
were four, two, and two in PI, P2, and P3, respectively. 
For oat, the number of rows harvested were four, two, and 
four in PI, P2, and P3, respectively. 
During 1983, the growth and yield characteristics of 
oat, namely, plant height, kernel weight, and grain yield, 
were measured. An additional measurement made during 1984 
and 1985 was test weight. Plant height of the oat was taken 
10 times per plot, by randomly grasping a few plants and 
measuring from the ground level to the top spikelets of the 
majority of the panicles. Yield measurements were done by 
harvesting four central rows of oat from the sole cropping 
system and the relay intercropping pattern PI and P3, and two 
central rows from P2. Yield sairples were collected in cloth 
bags and allowed to dry at 60°C for 95 hours in a dryer. 
Test weight and grain yields were taken after the seeds were 
cleaned manually. Grain yields were adjusted to 14% mois­
ture, and 200 seeds were counted randomly and weighed to 
obtain kernel weight. 
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In 1983 and 1985, the yield, yield components, and other 
growth characteristics of soybean were measured, namely, 
grain yield, number of branches per plant, number of pods 
per plant, seed weight, and plant height. The measurement 
of plant height was done by measuring from the soil surface 
to the terminal node. In 1984, the lodging of soybean plants 
was observed, and the lodging scores (1 = upright to 5 = 
completely lodged) were estimated visually before harvest. 
Yield determinations were accomplished by harvesting four 
central rows of soybean from the sole cropping system and 
relay intercropping system in PI and two central rows from 
P2 and P3. Yield samples were collected in cloth bags and 
allowed to dry at 60°C for 96 hours in a dryer. Grain 
weights were taken after the seeds were cleaned manually. 
Grain yields were adjusted to 13% moisture. Two hundred 
seeds from each sample were counted randomly and weighed to 
obtain seed weight. 
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RESULTS AMD DISCUSSION 
The amount and distribution of precipitation and the 
temperature varied among the three years of the study. Gen­
erally, 1983 and 1984 had wet weather during the springs and 
dry weather during the summers, although the total precipita­
tion was greater than normal. The reverse was true in 1985, 
which had dry weather during spring followed by relatively 
wet weather during late summer. The mean temperature was 
cooler than normal during the springs and warmer than normal 
during the summers of 1983 and 1984. The warmer summer 
temperatures of 1983 broke records set in 1939. The reverse 
also was true in 1985, which had warmer weather during spring 
and cooler weather than normal during the summer (Table A2, 
Appendix). 
The results and discussion of each year will be pre­
sented together. Combined data from 1983, 1984, and 1985 
also were analyzed considering year as a random variable and 
will be presented after each main and interaction effects. 
The results and discussion will focus on the main effects and 
significant two-way interactions. Simple correlation coef­
ficients were determined for the plant characters measured. 
For the combined data, the regression analyses were con­
ducted whenever the analysis of variance of CS row 
spacing and its two-way interaction with other factors were 
significant. The regression analyses were done to determine 
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the response of soybean grain yield, oat grain yield, and 
oat test weight to CS row spacing and the interactions. 
Orthogonal comparisons also were used to .compare the dif­
ferences among soybean planting dates for grain yield of 
soybean, oat grain yield, and oat test weight. 
Oat Response 
Year effect 
The significant year effect on grain yield, kernel 
weight, and plant height at harvest between cropping systems 
and within the relay intercropping system are shown in Tables 
A3 and A4, Appendix. Oat kernel weight was the greatest in 
1985 and significantly different from 1984 and 1983 (Table 
1). The tallest plants were produced in 1984 which were not 
significantly different from 1985 but were significantly 
different from 1983 (Table 1). When averaged across cropping 
systems, oat yielded the greatest in 1985 followed by 1984 
and 1983, respectively. A similar trend was observed in the 
relay intercropping system (Table 2). The better performance 
of oat in 1985 compared with 1983 and 1984 may be attributed 
to (a) the drought stress and higher than normal temperature 
during the summer of 1983 (Table A2, Appendix), (b) the in­
hibitory effect of corn residues left over from the previous 
year on oat establishment in 1983, (c) earlier planting of 
oat in 1985 than 1983 and 1984, and (d) the favorable climatic 
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Table 1. Mean values^ of oat plant characters as affected 
by year and cropping system measured during 1983, 
1984, 1985 and the combined data 
Cropping 
system 
Grain 
yield 
Kernel 
weight 
Plant 
height 
Test , 
weight 
Year 
1983 
1984 
1985 
LSD, 
SE 0.05 
1983 
-1 kg ha 
1072 b 
2049 a 
2319 a 
510 
175 
mg seed 
37.5 b 
32.5 c 
39.1 a 
1.2 
0.4 
-1 
mm 
691 b 
772 a 
751 a 
30 
12 
-3 kg m 
384.7 b 
401.3 a 
3.5 
2 . 2  
Sole oat 1479 37.8 694 — 
Relay oat 1026 37.5 663 -
^fo.05 
545 NS 2.6 NS 51 NS — 
84 a 0.4 8 — 
(252) *  (1.2) (23) 
1984 
Sole oat 2829 a 34.6 a 804 a 388.3 
Relay oat 1963 b 32.2 b 768 b 344.3 
594 0.21 35 10.8 NS 
91 0.32 5 1.7 
(274) (1.0) (16) (5.0) 
1985 
Sole oat 3496 a 40.2 813 a 415.0 a 
Relay oat 2188 b 39.0 747 b 400.0 b 
^fo.05 
1023 2.6 NS 44 11.0 
157 0.4 7 1.6 
Combined data 
(472) (1.2) (20) (4.9) 
Sole oat 2602 a 37.5 760 401.7 
Relay oat 1726 b 36.2 735 392.0 
If0.05 
694 1.7 NS 41 9.8 NS 
107 0.3 6 1.6 (320)  (0.8) (19) (4 .8 )  
^eans followed by the same letter are not significantly 
different at the probability level of 0.05 according to the 
LSD test. NS = not significant according to F-test. 
^0at test weight was not determined in 1983. 
"Least significant difference {P<0.05). 
SE for sole oat appears in parentheses. 
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Table 2. Mean values for oat plant characters in the relay-
intercropping system as affected by year and 
CS row spacing in 1983, 1984, 1985 and the 
combined data 
CS row 
spacing 
Grain 
yield 
Kernel 
weight 
Plant 
height wexgn-c 
cm 
Year 
1983 
1984 
1985 
LSD 
SE 0.05 
1983 
25 
51 
76 
LSD 
SE 0.05 
1984 
25 
51 
76 
LSD, 
SE 0.05 
1985 
25 
51 
76 
LSD, 
SE 0.05 
Combined data 
25 
51 
76 
LSD, 
SE 0.05 
kg ha ^ 
1024 b 
1963 a 
2188 a 
361 
121 
1410 a 
827 b 
844 b 
343 
114 
2424 a 
1732 b 
1732 b 
260 
86 
3124 a 
1360 c 
2079 b 
333 
111 
1306 b 
1551 b 
361 
121 
mg seedT^ 
37.5 a 
32.2 b 
39.0 a 
1.5 
0.5 
37.5 
36.7 
38.3 
1.8 NS 
0 . 6  
32.5 
32.3 
31.8 
1.2 NS 
0.4 
40.2 a 
39.1 ab 
37.7 b 
2.1 
0.7 
36.7 
36.1 
36.0 
1.5 NS 
0.5 
mm 
694 b 
768 a 
744 a 
31 
10 
713 
687 
682 
24 
8 
749 
790 
765 
22 
7 
b 
a 
b 
799 a 
705 c 
748 b 
17 
6 
747 
727 
732 
31 NS 
10 
-3 kg m 
384.3 b 
399.7 a 
2 .6  
0.7 
393.0 a 
378.9 b 
381.0 b 
6.9 
2.3 
407.8 a 
394.2 b 
397.2 b 
6.1 
2 . 0  
400.4 a 
386.6 b 
389.1 b 
3.1 
0.7 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^Oat test weight was not measured in 1983. 
^Least significant difference (P<0.05). 
21 ... 
conditions for oat growth during 1985. A warmer temperature 
than normal during the vegetative development of oat in 1985 
may have hastened the rate of vegetative development. How­
ever, temperature effects on the rate of vegetative develop­
ment may have been less pronounced than its effect on the rate 
of oat reproductive development. The cooler temperature than 
normal during the reproduction period in 1985 likely slowed 
down the rate of oat reproductive development. As a conse­
quence, the grain filling period of oat was lengthened. Warm 
temperature during the reproductive development of oat could 
be detrimental to grain yield due to hastening the time period 
of oat development during the reproductive stage. 
Oat test weight in 1985 was significantly higher than in 
1984 (Table A3, Appendix). 
Cropping system effect 
Cropping systems had no significant effect on any oat 
plant character in 1983 (Table A3, Appendix). However, sole 
cropped oat was likely to have greater grain yield and taller 
plant height than relay intercropped oat (Table 1). Effects 
of the climatic condition on grain yield and other oat plant 
characters explained the results obtained in 1983. 
A significant effect of cropping systems on grain yield 
and plant height of oat was obtained in 1984 and 1985, but 
not test weight in 1984 and kernel weight in 1985. The re­
sults are contrary to Chan et al. (1980), but in agreement 
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with the reports by Jeffers and Triplett (1979), Mohta and 
De (1980), McBroom et al. (1981), Ahmed and Rao (1982), 
Elmore and Jackobs (1984), and Kaplan and Brinkman (1984). 
Table 1 shows that grain yield and plant height of oat were 
distinctly decreased in the relay intercropping system as 
compared to the sole cropping system. 
When combined data analyses were conducted, oat yield 
was significantly affected by cropping systems (Table A3, 
Appendix). Sole cropped yield of oat was 33% greater than 
relay intercropped yield (Table 1). The result is in agree­
ment with the observation that, generally, sole cropped yield 
is greater than relay intercropped yield (Jeffers and Triplett, 
1979; Mohta and De, 1980; McBroom et al., 1981; Ahmed and 
Rao, 1982; Elmore and Jackobs, 1984; Kaplan and Brinkman, 
1984). Spatial competition with soybean may be the main 
reason for yield reduction of oat in the relay intercropped 
system (Ahmed and Rao, 1982). 
Cropping systems did not affect oat kernel weight and 
plant height (Table A3, Appendix). However, the trend was 
that relay intercropping might depress plant height due to 
the competition between the component crops. Greater test 
weight was observed in sole crop; however, the difference 
between the cropping systems was not significant (Table 1). 
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es row spacing effect 
The analyses of variance in Table A4, Appendix show 
that, in the relay intercropping system, CS row spacing had 
significant effects on oat grain yield, oat plant height, and 
oat test weight in every year of the study. Oat kernel 
weight was not affected by CS row spacing in every year of 
the study (Table A4, Appendix). 
The greatest oat grain yield was achieved in 25-cm CS 
row spacing in all three years (Figure 1). Oat grain yield 
was significantly greater in 75-cm than in 51-cm SC row 
spacing in 1985 as opposed to 1983 and 1984 which were not 
significantly different (Table 2). The greatest, intermedi­
ate, and lowest oat grain yields in 25-, 76-, and 51-cm CS 
row spacings, respectively, were obtained primarily due to 
greater oat stands in 25-cm as compared to 75- and 51-cm row 
spacings. Based on 100% of oat stand in the 25-cm, there 
were only 57 and 50% in 76- and 51-cm CS row spacings, re­
spectively. Oat plants have the ability to produce more 
tillers, as they occupied more space in wider rows, as com­
pared to oat plants in narrow rows. The tillering ability 
could not compensate for the decrease in oat stands in wider 
rows. Similar results were reported by Jeffers and Triplett 
(1979). 
The greater oat test weight obtained in 25-cm CS row 
spacing also contributed to the greater oat grain yield 
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Figure 1. Response of oat grain yield to various CS row 
spacings from different years and combined data 
analyses (the vertical line length is equal to 
standard error of a treatment mean) 
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in this CS row spacing (Table 2). The regression analyses 
in Table A4, Appendix, reveal a nonlinear response of oat 
grain yield to CS row spacing in every year of the study 
because the lack of fit was highly significant. 
The tallest oat plants were obtained in the 25-cm CS 
row spacing in 1983 and 1985. This result was in accordance 
with the results of Jeffers and Triplett (1979). There was 
more competition for growth factors, especially for light, 
among plants in narrow rows than plants in wider rows. As a 
consequence, plants in narrow rows were taller than plants 
in wider rows. The response of oat plant height to differ­
ent CS row spacings show similar trends as in the oat grain 
response in 1983 and 1985, In contrast, the tallest oat 
plants in 1984 were found in 51-cm CS row spacing. There 
was no significant difference between oat plant height in 
25- and 75-cm CS row spacings. 
When the data were combined, row spacing of CS sig­
nificantly affected oat grain yield (Table A4, Appendix). 
The greatest grain yield of oat was obtained when soybean 
was relay intercropped in 25-cm row spacing (Table 2). The 
response of oat grain yield to various CS row spacings was 
a nonlinear response since the lack of fit was highly sig­
nificant (Table A4, Appendix). The reduction of oat grain 
yield when CS row spacings were widened (Table 2) was 
probably due to the soybean planting procedures which 
26 
resulted in the removal of certain oat rows. Removal of oat 
rows resulted in reduced oat stands. As a consequence, only 
50 and 67% of the oat stands remained after oats were removed 
for planting soybean in 51- and 76-cm row spacings, respec­
tively. No oat row was removed in 25-cm row spacing (100% 
stands). The yield reduction of intercropped small grain 
with wider row spacings of soybean was also reported by 
Chan et al. (1980). 
Oat kernel weight and plant height were not affected 
by CS row spacing (Table M, Appendix). CS row spacing 
significantly affected oat test weight. The greatest 
test weight was obtained when soybean was relay intercropped 
into oat in the 25-cm row spacing (Table 2). Oat test weight 
ensures the potential quality of oat for marketing. The 
higher the test weight, the better the grain quality and the 
higher the market price. 
Soybean planting date effect 
There was no significant effect of soybean planting date 
on any oat character in all three years of the study and 
from the combined data (Table; M, Appendix, and Table 2). 
However, the earliest planting date of soybean tended to have 
the greatest oat grain yield in every year (Table A5, 
Appendix). 
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es row spacing- by soybean planting date effect 
Table M, Appendix, shows the significant effect of the 
interaction on oat kernel weight and oat plant height in 
1983, and oat grain yield and oat kernel weight in 1984. 
There was no significant effect of the interaction on any 
oat plant character measured in 1985. 
Mean values of oat kernel weight and oat plant height 
for the significant interaction effect in 1983 are given in 
Table 3. The responses of both oat kernel weight and oat 
plant height to CS row spacing were inconsistent among 
soybean planting dates. 
Table 3 shows mean values of oat grain yield and oat 
kernel weight for the significant CS row spacing by soybean 
planting date interaction measured in 1984. In 25-cm CS 
row spacing, the greatest bat grain yield was obtained 
when soybeans were relay intercropped at the post-boot 
stage of oat. In wider row spacings (51- and 75-cm) of 
CS, oat grain yield was greater when soybean was relay 
intercropped at the pre-boot stage of oat. The results 
probably were due to the temporal effect of removing 
oat rows. In order to relay intercrop soybean into oat 
stands, certain rows of oat had to be removed according to 
the desired pattern. The earlier planted soybean became 
established faster in the relay intercropping system and 
competed for more growth factors than the later planted 
Table 3. Mean values of oat plant characters for the significant CS row 
spacing by soybean planting date interactions from the relay inter­
cropping system in 1983 and 1984 
1983 1984 
Oat Kernel weight^ Oat plant height^ Oat kernel weight^ Oat grain yield^ 
Soybean planting date ———— ————————Soybean planting date —— 
CS row Pre- Post- Pre- Post- Pre- Post- Pre- Post-
spacing boot Boot boot boot Boot boot boot Boot boot boot Boot boot 
cm ———mg seed ——— ———————mm——————— ———mg seed ———— ————kg ha ————— 
25 35.8 39.5 37.1 656 720 755 32.4 32.3 32.8 2552 2006 2714 
51 37.3 37.5 35.4 710 718 633 30.9 31.3 34.7 1837 1574 1784 
76 38.4 36.3 40.3 696 667 683 31.9 32.4 31.3 2027 1884 1284 
^Oat kernel weight with SE = ±1.0 in 1983 and SE = ±0.7 in 1984. 
^Oat plant height with SEî = ±14 in 1983. 
%at grain yield with SE = ±151 in 1984. 
^Soybean planting dates were determined by stage of oat plant development 
(pre-boot, boot and post-boot). 
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soybean in the same row spacing. The competition was more 
pronounced in 25- than in 51- and 75-cm CS row spacings. 
As a consequence, less oat grain yield was harvested when 
soybean was relay intercropped into oat with 25-cm row spac­
ing at the pre-boot stage than at the later planting dates. 
The intense competition for growth factors was alleviated in 
wider row spacings. Therefore, greater oat grain yield was 
obtained from the wider row spacings when soybean was planted 
at the pre-boot rather than the post-boct stages of oat. 
The response of oat kernel weight to CS row spacing 
was inconsistent among soybean planting dates (Table 3). 
From the combined data, no interaction effect between 
CS row spacing and soybean planting date was detected 
for grain yield, kernel weight, plant height at harvest, and 
oat test weight (Table M, Appendix). The results indicated 
that the responses to CS row spacings were consistent 
among soybean planting dates. 
Simple Correlation Coefficients 
Simple correlation coefficients among all variables are 
shown in Table A6, Appendix, for 1983, 1984, and 1985, re­
spectively. Consistent and highly significant, negative 
correlation across years was found only between CS row 
spacing and grain yield of oat. Measurement of oat test 
weight, which was done only in 1984 and 1985, showed negative 
30 
correlation with CS row spacing. In addition, test weight 
had a significant, positive correlation with oat grain 
yield in both years. The results may imply that higher grain 
yield of oat may be partially due to a higher capacity of the 
grain to accumulate the photosynthate and produce higher seed 
numbers. However, consistent negative correlation for 1984 
and 1985 also was found between soybean planting date and oat 
grain yield, although the correlation was not significant. 
The result indicated that yield reduction of oat in relay 
intercropping was mainly due to soybean row spacings and 
soybean planting dates. Oat grain yield in 1983 and 1985 
was also correlated with oat plant height at harvest. 
Soybean Response 
Year effect 
The year effect was highly significant for all charac­
ters measured (Table hi. Appendix). Relay intercropped soy­
bean in 1983 produced greater grain yield, seed weight, and 
number of pods per plant than in 1984 and 1985 (Table 4). 
In 1983, relay intercropped soybean also produced a greater 
number of branches per plant and taller plant height than in 
1984 and 1985. The better performance of soybean in 1983 
was due to the poor establishment of oat in 1983 as stated 
previously in the year effect on oat performance. 
Table 4. Mean values^ of soybean plant characters for dif­
ferent cropping systems measured during 1983, 
1984, 1985 and from the combined data 
Grain 
yield 
Seed 
weight 
No. of_ 
pods pl~ 
kg ha~^ mg seed~^ 
2164 a 
1393 b 
1505 b 
239 
84 
158.9 b 
136.8 c 
173.4 a 
10.4 
3.7 
23.5 a 
17.9 b 
11.9 c 
3.9 
1.4 
2593 a 
1735 b 
249 
88 
153.5 
154.2 
9.7 NS 
3.4 
27.5 a 
19.5 b 
3.0 
1.1 
2088 a 
599 b 
221 
78 
140.3 
133.3 
9.7 NS 
3.4 
22.6 a 
13.2 b 
' 5.2 
1.8 
2280 a 
732 b 
94 
191.0 a 
156.0 b 
7.9 
13.3 a 
10.4 b 
1.2 
Cropping 
system 
Year 
1983 
1984 
1983 
Sole soybean 
Relay soybean 
-fo.05 
1984 
Sole soybean 
Relay soybean 
^fo.05 
1985 
Sole soybean 
Relay soybean 
LSD. nr; 
SE 27 2.0 0.4 
Combined data 
Sole soybean 2320 a 154.9 a 21.1 a 
Relay soybean 1056 b 147.8 b 14.4 b 
LSDu'nq 195 8.5 3.2 
SE 68 3.0 1.1 
^eans followed by the same letter are not significant­
ly different at the probability of 0.05 according to the LSD 
test. NS = not significant according to F-test. 
^No. of plants m~^ at harvest was not determined in 1983. 
"lodging score was determined only in 1984. 
"^east significant difference (P<0.05). 
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No. of No. of Plant Plant 
branches plants , height at height Lodging 
pl~ at harvest^ flowering at harvest scored 
mm 1-5 
1.4 a — 428 a 826 a — 
1.3 b 45 b 461 a 797 a 
0.7 b 59 a 309 b 590 b 
0.4 7 60 51 
0.1 3 21 18 
1.5 - 444 1000 a 
1.3 - 442 651 b 
0.4 NS - 78 NS 46 
0.1 - 27 16 
1.5 49 a 547 a 1027 a 2.1 a 
1.2 40 b 375 b 567 b 1.3 b 
0.5 NS 8 27 44 0.3 
0.2 1 9 15 0.1 
0.6 65 a 375 a 695 a -
0.8 53 b 244 b 445 b 
0.3 NS 5 21 24 
0 . 1  1 6  6  
1.2 57 a 455 a 907 a 
1.1 47 b 344 b 555 b 
0.3 NS 7 49 42 
0.1 1 17 15 -
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Cropping system effect 
Cropping systems significantly affected soybean grain 
yield, number of pods per plant, number of plants per hectare 
at harvest, and plant height at harvest in every year of 
study. Seed weight was not affected by cropping systems in 
either 1983 or 1984 but was affected in 1985. Plant height 
at flowering measured in 1984 and 1985 was significantly af­
fected by cropping systems, but not in 1983. Lodging mea­
sured in 1984 also was significantly affected by cropping 
systems. In contrast, no significant effect of cropping 
systems on number of branches per plant was detected in all 
three years of study (Table A7, Appendix). 
Table 4 shows that the relay intercropping system re­
duced grain yield, number of pods per plant, number of plants 
per hectare at harvest, and plant height at harvest of soy­
bean in all three years studied. The relay intercropping 
system also reduced soybean seed weight in 1985 and soybean 
plant height at flowering in 1984 and 1985. These results 
are in accordance with the previous studies (Chan et al., 
1980; McBroom et al., 1981) and support the general fact 
that component crops in a relay intercropping system en­
counter competitive stress. 
When the data were combined, significant difference 
existed between sole cropped and relay intercropped soybean 
for all plant characters measured, except for number of 
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branches per plant (Table 7, Appendix). Sole cropped soy­
bean yielded (2320 kg ha about 50% higher than relay 
intercropped soybean (1,056 kg ha~^) (Table 4). Sole cropped 
soybean also yielded the greatest seed weight, number of pods 
per plant, and plant height at harvest. The results were in 
line with the reports that sole cropped yield is better than 
relay intercropped yield. The reduction of soybean yield in 
the relay intercropping system probably was due to the shad­
ing effect (Ahmed and Rao, 1982) of oat. Higher seed weight 
and number of pods per plant of sole cropped than relay inter­
cropped soybean was reported by Elmore and Jackobs (1984). 
CS row spacing effect 
The analyses of variance of soybean plant characters in 
Table A8, Appendix, indicate the significant effect of CS 
row spacing on soybean grain yield and soybean plant height 
at flowering in 1984 and 1985. Soybean plant height at har­
vest was significantly affected by CS row spacing in all 
three years studied. CS row spacing also had significant 
effect on soybean seed weight in 1985 and number of pods 
per plant in 1984. There was no significant effect of CS 
row spacing on number of plants per hectare at harvest 
measured in both 1984 and 1985. 
Mean values of soybean grain yield in Table 5 illus­
trates that the greatest soybean grain yield in 1984 
and 1985 was obtained from 51-cm CS row spacing. The 
Table 5. Mean values of soybean plant characters in the re­
lay intercropping system as affected by year and by 
CS row spacing in 1983, 1984, 1985 and combined dat^ 
CS row Grain Seed No. of ^ 
spacing yield weight pods pi" 
cm 
Year 
1983 
1984 
Sfo.os' 
kg ha 
1735 a 
699 b 
732 b 
232 
77 
mg seed 
154.0 a 
133.0 b 
156.1 a 
13.0 
4.2 
19.5 a 
13.2 b 
10.4 b 
3.4 
1.1 
1983 
25 
51 
76 
g-0.05 
1807 
1833 
1566 
253 NS 
84 
151.0 
155.1 
156.6 
8.9 NS 
3.0 
19.6 
20.2 
18.7 
4.5 NS 
1.5 
1984 
25 
51 
76 
560 b 
935 a 
602 b 
255 
85 
134.0 
133.0 
134.0 
16.3 NS 
5.5 
12.0 b 
15.6 a 
12.0 b 
2.7 
0.9 
1985 
25 
51 
76 
g°0.05 
591 b 
837 a 
769 ab 
187 
62 
144.8 b 
160.0 a 
162.9 a 
13.8 
4.6 
10.6 
10.9 
9.6 
2.4 NS 
0.8 
Combined data 
25 
51 
76 
986 
1202 
979 
232 NS 
77 
143.1 
149.0 
151.0 
12.5 NS 
4.2 
14.0 
15.6 
13.4 
3.4 NS 
1.1 
%Ieans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^No. of plants m ^ was not determined in 1983. 
lodging score was determined only in 1984. 
"^east significant difference (P<0.05). 
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No. of No. of Plant Plant 
branches plants m" , height at height Lodginc 
pl~^ at harvest flowering at harvest score^ 
mm 1-5 
1.3 - 412 a 651 a 
0.2 40 375 a 567 b 
0.8 53 244 b 445 c 
0.6 NS 15 NS 65 72 
0.2 5 22 24 
1.2 - 419 600 
1.3 - 421 688 a 
1.4 - 396 666 ab 
0.4 NS - 45 NS 67 
0.2 - 15 22 
1.1 40 349 b 503 b 1.4 a 
1.4 42 382 ab 594 a 1.2 b 
0.9 39 393 a 604 b 1.4 a 
0.6 NS 9 NS 35 57 0.2 
0.2 1 12 19 0.1 
1.0 a 51 218 c 418 b 
0.8 ab 57 243 b 441 a 
0.6 b 52 271 a 476 b -
0.4 7 NS 24 27 
0.1 1 8 9 
1.1 45 329 507 
1.2 49 349 574 
1.0 46 353 582 
0.6 NS 18 NS 65 NS 72 NS 
0.2 2 22 24 
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significant difference between soybean grain yield har­
vested from 25- and 76-cm CS row spacings was not 
detected. 
The response of soybean grain yield to CS row spacing 
in both 1984 and 1985 was a nonlinear fashion as evident 
by the highly significant effect of the lack of fit (Table 
AS, Appendix). The greatest grain yield in 51-cm CS row 
spacing in 1984 was also attributed to the greatest number 
of pods per plant, higher plant height at flowering, and 
at harvest, and less lodging as shown in Table 5. 
Due to the complicated planting patterns in the relay 
intercropping system, it was difficult to interseed soybean 
equidistant from the two adjacent established oat rows when 
soybean was relay intercropped in the 25-cm row spacing. 
Therefore, frequently, the soybean was relay interseeded 
very close to the oat rows. As a consequence, the soybean 
seeds in the aforementioned situations could not compete for 
growth factors with the well-established oat plants in the 
adjacent rows. Some soybean seeds even failed to become 
established. The number of plants per hectare at harvest, 
although not significantly different among CS row spacings, 
showed fewer plants in the 25-cm row spacing as compared 
to the 51-cm row spacing. 
In the 76-cm CS row spacing, after the oat was 
harvested, row spacing was so wide that the light energy 
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was not fully intercepted due to an incomplete ground 
cover by the soybean canopy as compared to the 51-cm row 
spacing. Soil and plant surfaces in the .76-cm were more ex­
posed to climatic elements (i.e., wind and light) than in 
the 51-cm soybean row spacing. Consequently, évapotranspira­
tion may be increased and less light intercepted in the 75-
than the 51-cm soybean row spacings. Therefore, soybeans 
in the 76-cm row spacing occupied more space and had less 
interrow competition than the 51-cm row spacing, and yielded 
less than soybeans in the 51-cm row spacing. 
The response of the other soybean plant characters, 
i.e., number of branches per plant and plant height at har­
vest, in 1985 were similar to the grain yield response. 
From the combined data, CS row spacing did not 
affect grain yield and other plant characters of soybean 
(Table A8, Appendix). The results agree with the reports of 
Kaplan and Brintanan (1984) that* in thinned stands of oat, 
soybean yields were similar regardless of row spacings. In 
contrast, Chan et al. (1980) reported that intercropped soy­
bean yielded more in wider rows than in narrow rows. How­
ever, relay intercropped soybean in the 51-cm row spacing 
tended to increase soybean grain yield (Figure 2) and number 
of pods per plant. 
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Figure 2. Response of soybean grain yield to various CS 
row spacings from different years and combined 
data analyses (the vertical line length is 
equal to standard error of a treatment mean) 
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Soybean planting date effect 
Soybean planting date had a significant effect on every 
soybean plant character measured in 1983, 1984, and 1985 
except for seed weight, number of pods per plant, and plant 
height at harvest in 1985 (Table A8, Appendix). 
Planting soybean at the pre-boot stage of oat resulted 
in the greatest soybean grain yield, seed weight, number of 
branches per plant, and plant height at flowering in 1983 
(Table 5). However, plant height at harvest and number of 
pods per plant decreased. The sum of squares of soybean 
grain yield was partitioned into two orthogonal comparisons 
(Table A8, Appendix): (a) pre-boot versus the average of 
boot and post-boot and (b) boot versus post-boot.. Although 
the results of these orthogonal comparisons were inconsistent 
among the three years studied, the expected results were 
demonstrated in 1983. Notably, the greatest soybean grain 
yield was obtained when soybean was planted into oat at 
the pre-boot stage of oat. The primary reason for this 
result was due to the unusual climatic conditions in the 1983 
growing season. The precipitation pattern was above normal 
during the spring and below normal during the summer which 
resulted in delayed planting of soybean. Therefore, the 
earlier the soybean was relay interplanted, the greater 
the grain yield of soybean. Since the planting date was 
delayed, the growing season was too short for soybean to 
Table 6. Mean values^ of soybean plant characters in the re­
lay intercropping system as affected by soybean 
planting date in 1983, 1984, 1985 and the combined 
data 
Soybean 
planting 
date 
Grain 
yield 
Seed 
weight 
No. of_. 
pods pl~ 
Stage of oat kg ha ^ mg seed"^ 
1983 
Pre-boot 
Boot 
Post-boot 
lfo.05^ 
2125 a 
1773 b 
1307 c 
253 
84 
173.9 a 
151.8 b 
137.0 c 
8.9 
3.3 
18.4 b 
23.0 a 
17.1 b 
4.5 
1.5 
1984 
Pre-boot 
Boot 
Post-boot 
811 a 
939 a 
347 b 
255 
85 
154.0 a 
132.1 b 
115.0 c 
16.0 
5.5 
18.3 a 
12.5 b 
8.8 c 
2.7 
0.9 
1985 
Pre-boot 
Boot 
Post-boot 
882 a 
660 b 
655 b 
187 
62 
160.0 
153.0 
155.1 
13.8 NS 
4.6 
9.4 
10.5 
11.2 
2.4 NS 
0.8 
Combined data 
Pre-boot 
Boot 
Post-boot 
--0.05 
1273 a 
1124 a 
770 b 
232 
77 
163.0 a 
145.1 b 
136.0 b 
12.5 
4.2 
15.4 
15. 3 
12.4 
3.4 NS 
1.1 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
F-test. NS = not significant according to F-test. 
^No. of plants m ^ was not determined in 1983. 
lodging score was determined only in 1984. 
^east significant difference (P<0.05). 
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No. of No. of _2 Plant Plant 
branches plants m height at height Lodging 
pl~ at harvest" flowering at harvest score 
mm 1-5 
1.8 a 
1.2 b 
0.9 b 
0.4 
0 . 2  
553 a 
434 b 
250 c 
45 
15 
540 b 
697 a 
718 a 
67 
22 
1.9 a 
1.1 b 
0.5 c 
0.5 
0 . 2  
25 b 
50 a 
47 a 
9 
1 
416 a 
394 a 
314 b 
35 
12 
579 b 
639 a 
483 c 
57 
19 
1.3 b 
1.5 a 
0 . 2  
0 . 2  
0.1 
0.4 b 
1.0 a 
1.1 a 
0.4 
0.1 
63 a 
52 
45 
7 
1 
269 a 
232 b 
231 b 
24 
8 
444 
440 
451 
27 NS 
9 
1.4 
1.1 
0.8 
0.7 NS 
0.2 
44 
51 
46 
18 NS 
2 
413 
354 
265 
65 
22 
521 
592 
551 
72 NS 
24 
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produce a reasonable yield before the first killing frost 
occurred. Consequently, the soybean yield potential was 
reduced by a reduced length of the growing season. 
The response of soybean seed weight and soybean plant 
height at flowering in 1983, 1984 and 1985 to different 
soybean planting dates were similar to soybean grain yield 
response. However, the responses of number of pods per 
plant, number, of branches per plant, and plant height at 
harvest to different soybean planting dates were inconsistent. 
The analyses of variance from the combined data show 
that soybean planting date affected grain yield and seed 
weight of soybean (Table A8, Appendix). The earlier the 
planting date, the higher the grain yield of soybean, as 
evident by the significant orthogonal comparisons and the 
mean values of soybean planting date effect, and the larger 
the seed size (Table 5). Early planted soybean could be 
capable of establishing good stands and competing with the 
oat for the environmental resources better than late planted 
soybean. Furthermore, at the pre-boot stage, the oat was 
younger and exerted less shading effect than the oat at the 
boot and post-boot stages. The results are contradictory 
to Jeffers and Triplett (1979) that soybean yields in­
creased with early planting dates. 
The timing of the optimum soybean planting date in relay 
intercropping systems by using growth stages of a small grain 
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crop and calendar date may result in significantly different 
relay intercropped soybean yields. 
CS row spacing by soybean planting date effect 
The CS row spacing by soybean planting date inter­
action in 1983 had significant effect on seed weight and 
number of branches per plant of soybean (Table A8, Appendix). 
However, it had no effect on grain yield, number of pods per 
plant, plant height at flowering, and plant height at harvest. 
The interaction did not have a significant effect on the 
soybean plant characters measured in 1984 and 1985 (Table 
A8, Appendix). 
The greatest seed weights were obtained in each CS 
row spacing in 1983 when soybean was relay intercropped at 
the pre-boot stage of oat (Table 7). Seed weights were 
lowest in each CS row spacing when soybean was relay 
intercropped at the post-boot stage of oat. However, the 
difference between the highest and the lowest seed weights 
were greater in 25-cm than in 51- and 76-cm row spacings. 
Soybean plants were most likely to have more branches 
per plant in 1983 when soybean was relay intercropped at the 
pre-boot stage of oat in the 51- and 76-cm row spacings of 
soybean (Table 7). In the 25-cm row spacing, no significant 
difference was found between the number of branches per plant 
when soybean was relay intercropped at the pre-boot or 
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Table 7. Mean values of seed weight and number of branches 
per plant of soybean in the relay intercropping 
system for the significant CS row spacing by 
soybean planting date interaction during 1983 
Seed weight^ ~ No. of branches pl"^^ 
Soybean planting date^ 
CS row Pre- Post- Pre- Post-
spacing boot Boot boot boot Boot boot 
cm —mg seed"^— 
25 181.0 135.0 137.0 1.4 1.9 0.5 
51 172.3 161.7 131.3 2.1 0.7 1.1 
76 168.3 158.7 142.7 2.0 1.3 1.1 
^Seed weight with SE = ±5.2. 
^No. of branches plant ^ with SE = ±2.3. 
^Soybean planting dates were gauged by the stage of oat 
plant development (pre-boot, boot, and post-boot). 
post-boot stage of oat. The greatest number of branches per 
plant obtained when soybean was relay intercropped at the 
pre-boot stage of oat was due to faster establishment and 
earlier ground cover by soybean. Therefore, soybean is able 
to compete for more growth factors, i.e., light, nutrients 
and moisture, with oat and produced more branches per plant 
than the other soybean planting dates. 
No two-factor interaction effect existed in all plant 
characters measured when the data were combined (Table AS, 
Appendix). 
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Simple Correlation Coefficients 
Table A9, Appendix, shows the simple correlation coef­
ficients among variables for 1983, 1984, and 1985, respec­
tively. Consistent and highly significant negative correla­
tions over three years were found between soybean planting 
date and grain yield, soybean planting date and number of 
branches per plant, and soybean planting date and plant 
height at flowering. These results supported the signifi­
cance of planting dates on soybean yield as presented in 
Table A8, Appendix, and Table 6. Positive and highly sig­
nificant correlations over three years were found also 
between grain yield and plant height at flowering. Inter­
estingly, the strong correlation (range from 0.62-0.75) 
between grain yield and plant height at flowering may re­
flect the importance of plant size to support seed yield. 
The results imply that soybean planting dates are the pre­
dominant factor affecting soybean yield and its components 
in a relay intercropping system. Planting dates affected 
plant size before flowering and seed weight; hence, soybean 
yield was reduced as planting dates were delayed. 
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Land Equivalent Ratio (LER) 
The LER of relay intercropped oat and soybean was the 
sum of oat (Lq) and soybean (Lg) fractions. The calcula­
tion of LQ, Lg, and LER were based on the same unit of land 
area and formulated as: 
LEE = Do + Lg 
= (Iq/SO' + (Is/Sg) 
where; 
IQ = oat intercropped yield 
SQ = oat sole cropped yield 
Ig = soybean intercropped yield 
Sg = soybean sole cropped yield. 
Table 8 and Table A10, Appendix, show that LER and Lg 
were affected significantly by year, soybean planting date, 
and CS row spacings in 1984 and 1985, whereas LQ was affected 
significantly by CS row spacings in 1984. Effect of year 
on LQ, Lg, and LÉR in Table 8 shows the highest and lowest 
LERs were obtained in 1983 and 1985, respectively. The 
lowest LER in 1985 was primarily due to a very low inter­
cropped soybean yield which was only 32% of the sole cropped 
yield (Table 8). In addition, the results also indicate 
that LQ contributed to the LER value more than Lg. 
Table AlO, Appendix, shows a significant effect of 
CS row spacing on LER values in the three years studied. 
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Table 8. Mean values for oat fraction (Lq)» soybean 
fraction (Lg) and LER of the relay intercropping 
system as affected by year and by CS row-
spacing in 1983, 1984, 1985 and the combined data 
CS row 
spacing LER 
cm 
Year 
1983 
1984 
1985 
LSD 
SE 0.05 
1983 
25 
51 
76 
LSD 
SE 0.05 
1984 
25 
51 
76 
LSD 
SE 0.05 
1985 
25 
51 
76 
LSD 
SE 0.05 
Combined data 
25 
51 
76 
LSD 
SE 0.05 
0.70 
0.71 
0.64 
0.12 NS 
0.04 
0.95 a 
0.56 b 
0.58 b 
0.23 
0 . 0 8  
0.90 a 
0.61 b 
0.61 b 
0.07 
0 . 0 2  
0.89 a 
0.41 c 
0.63 b 
0.13 
0.04 
0.91 a 
0.53 b 
0.61 b 
0.12 
0.04 
0.67 a 
0.33 b 
0.32 b 
0 .08  
0.03 
0 .6 6  
0.72 
0.62 
0.11 NS 
0.04 
0.25 
0.42 
0.31 
0.14 NS 
0.05 
0.25 b 
0.35 a 
0,35 a 
0.07 
0.02 
0.39 b 
0.50 a 
0.43 ab 
0 . 0 8  
0.03 
1.37 a 
1.04 b 
0.96 b 
0.12 
0.04 
1.62 a 
1.28 b 
1.20 b 
0 . 2 2  
0 .0 8  
1.15 a 
1.03 ab 
0.92 b 
0.13 
0.04 
1.15 a 
0.76 c 
0.98 b 
0.14 
0.05 
1.31 a 
1.03 b 
1.04 b 
0.12 
0.04 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^Least significant difference (P<0.05). 
49 
This result was mainly due to the significant effect of CS 
row spacing on L^. CS row spacing did not affect Lg except 
in 1985. Since relay intercropped soybean in different row 
spacings resulted in different oat stands, intercropped oat 
yields were low. The result was reflected in the lower 
in 51— and 75-cm than 25-cm CS row spacings (Table 8). 
Since Lg was not affected by CS row spacing, therefore, the 
differences in LER when soybean was relay intercropped in 
different row spacings were attributed to the differences in 
LQ. In general, relay intercropped soybean in 25-cm row 
spacing resulted in higher LER due to higher LQ. 
Lg and LER were affected by soybean planting dates main­
ly in 1984 and 1985 (Table AlO, Appendix). Because soybean 
planting date primarily affected grain yield of relay inter­
cropped soybean as reflected in very low Lg values (Table 9), 
this resulted in different LERs. Generally, relay inter­
cropped soybean at the pre-boot stage of oat resulted in 
higher LER due to both higher L^ and Lg. 
The simple correlation coefficients (r) among variables 
studied are shown in Table All, Appendix. Consistent and 
highly significant positive correlations over three years were 
found between (a) L^ and 1^, (b) Lg and Ig, (c) LER and IQ, 
and (d) LER and Lg. The highly significant negative correla­
tions over three years were also found between (a) IQ and CS 
row spacing, (b) L^ and CS row spacing, and (c) Ig and 
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Table 9. Mean values for oat fraction (Lg), soybean frac­
tion (Lg), and LER of the relay intercropping 
system as affected by soybean planting date in 
1983, 1984, 1985, and the combined data 
Soybean 
planting 
date LER 
Stage of oat 
1983 
Pre-boot 
Boot 
Post-boot 
1984 
Pre-boot 
Boot 
Post-boot 
1985 
Pre-boot 
Boot 
Post-boot 
LSDr 
SE '0.05 
Combined data 
Pre-boot 
Boot 
Post-boot 
LSDu 
SE '0.05 
0.75 
0.70 
0.65 
0.23 NS 
0. 08 
0.76 a 
0.68 b 
0.68 b 
0.07 
0.02 
0.67 
0.70 
0.57 
0.13 NS 
0.04 
0.72 
0.70 
0.63 
0.12 NS 
0.04 
0.70 
0.69 
0.52 
0.11 NS 
0.04 
0.33 ab 
0.44 a 
0.41 b 
0.14 
0.05 
0.39 a 
0.29 b 
0.27 b 
0.07 
0 . 0 2  
0.47 a 
0.47 a 
0.37 b 
0 .08  
0.03 
1.44 
1.39 
1.27 
0.22 NS 
0.08 
1.09 a 
1.12 a 
0.89 b 
0.13 
0.04 
1.06 a 
0.94 a 
0.84 b 
0.14 
0.05 
1.19 a 
1.17 a 
1.00 b 
0.12 
0.04 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^Least significant difference (P<0.05). 
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soybean planting date. The results support the previous 
discussion that high LERs were obtained when LQS were high. 
The higher L^s were obtained when soybean was relay inter­
cropped with narrow row spacing (LQ was negatively correla­
ted to CS row spacing). Of course, Lg necessarily depends 
on Ig as evident by very high positive correlation between 
Lg and Ig. Thus, the conclusion can be drawn that a higher 
LER is attributed to high which, in turn, is strongly 
affected by CS row spacing. 
Relay intercropped oat and soybean yielded higher LER 
when soybean was relay intercropped at the pre-boot stage of 
oat (Table 9) in 25-cm CS row spacing (Table 8). Greater 
yield of intercropped oat was the major contributor respon­
sible for this result. 
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SUMMARY AND CONCLUSIONS 
Soybean planting date and CS row spacing were studied 
in a relay intercropping of oat and soybean. Average per­
formance of oat and soybean were different across years. 
However, the trends were that the response of each plant char­
acter to the main treatments were similar over three years. 
The growing environment in 1983 was more productive to soy­
bean than in 1984 and 1985. Intercropped soybean produced 
greater soybean yield and other plant characters in 1983 
than in 1984 and 1985. The opposite was true for oat. The 
cooler temperature than normal during the reproductive period 
in 1985 resulted in the longer grain filling period of oat 
since the rate of oat reproductive development was slowed 
down. As a consequence, oat grain yield was higher, 12 and 
54%, in 1985 than in 1984 and 1983, respectively. 
Generally, relay intercropping soybean into oat sig­
nificantly reduced grain yields of both oat and soybean. 
The effect was more pronounced on the second crop than on 
the first crop. When averaged across years, sole oat yield 
was 33% greater than relay intercropped oat yield, whereas 
sole soybean yield was about 50% greater than relay inter­
cropped yield. The oat plant characters were not affected 
significantly by cropping system. In contrast, all soybean 
plant characters, except for number of branches per plant, 
were significantly lower in relay intercrop than in sole crop. 
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These results are in accordance with the studies of Chan 
et al. (1980) and McBroom et al. (1981). 
Cropping system row spacing did not affect grain yield 
and other plant characters of soybean. On the contrary, oat 
grain yield and oat test weight were significantly affected 
by CS row spacing. The greatest, intermediate, and the 
lowest oat grain yield and oat test weight were achieved in 
25-, 76-, and 51-cm CS row spacings, respectively. The soy­
bean planting procedures required the removal of certain oat 
rows. As a consequence, 100, 50, and 67% of oat stands re­
mained in 25-, 51-, and 76-cm CS row spacings, respectively. 
Therefore, oat grain yield obtained from relay intercropping 
soybean in 51-cm row spacing was low as compared to 76- and 
25-cm CS row spacings. 
Soybean planting date had no significant effect on any 
oat plant character in each year of the study. The reverse 
was true for soybean plant characters. The earlier the 
planting date, the greater the grain yield and the larger 
the seed weight of soybean. Early planted soybean could be 
capable of establishing a good stand and competing with the 
oat for the environmental resources better than late planted 
soybean. Furthermore, the earlier the soybean planting date, 
the higher the potential of soybean to produce the greater 
yield before the first killing frost occurs. LER values 
varied among the three years studied depending upon 
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performance of the component crops. The greater LER value 
in 1983 was due to the greater values of both and Lg as 
compared to 1984 and 1985. When simple correlation coeffi­
cients were determined, the results revealed that the 
greater LER value was obtained whenever the value was 
high. The higher LQ value was achieved when soybeans were 
relay intercropped into narrow row spacing at the early 
planting date. 
High LER value does not guarantee a higher net income 
for the farmer if the relay intercropping system is employed. 
Absolute yield of the relay intercropping system is neces­
sary for determining its economical merit. High LER value 
indicates only the potential agronomic advantage of a relay 
intercropping system over a comparable sole cropping system. 
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PART II. SOYBEAN CULTIVAR, ROW SPACING AND OAT HARVESTING 
DATE EFFECTS ON RELAY INTERCROPPING OF 
OAT AND SOYBEAN 
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INTRODUCTION 
The importance of soybean cultivar selection is recog­
nized by many investigators. The expectation has been that 
the latest cultivars which will mature before frost will be 
the most adaptable to relay intercropping (Jeffers et al., 
1977). Therefore, the full season indeterminate cultivars 
are required for planting at a given latitude (Brown, 1982). 
At Wooster, Ohio, when planted as a relay intercrop on May 5, 
Jeffers et al. (1977) reported Williams soybean cultivar 
yielded 83% while Beeson and Rampage soybean cultivars 
yielded 58 and 42% of sole cropped soybean, respectively. 
McBroom et al. (1981) reported the mean of group II soybean 
cultivars did not significantly differ from group III culti­
vars (3390 vs 3630 kg ha~^) in sole cropping systems. How­
ever, in relay intercropping systems, mean yields of group 
II cultivars were less than group III cultivars (1190 vs 1710 
kg ha~^). The length of overlapping growth period between 
the component crops affects the performance of soybean culti­
vars, as reported by Jeffers and Triplett (1979). With fewer 
weeks of competition, group II cultivars yielded as well as 
group III cultivars (McBroom et al., 1981). 
Short stature of early maturing cultivars may cause a 
problem. Increased harvest loss during combining may be 
observed if short plants produce pods very close to the 
ground (Benson et al., 1981). Tall soybean plants may 
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interfere with the cereal-crop harvest and may be damaged 
during the harvesting process. The top leaves of soybean 
may be clipped off during wheat harvest. If the soybean 
plants are pruned during the cereal harvest, growth of the 
indeterminate soybean cultivars will be retarded, but the 
crop may partially recover if environmental conditions are 
favorable. The vegetative growth of determinate cultivars 
would be limited after pruning if the crop had already reached 
the flowering stage (Whigham and Bharati, 1985). Triplett 
et al. (1976) were unable to find any relationship between 
the number of leaves cut off during cereal harvest and 
soybean yields. 
The performance of different soybean cultivars under 
different row spacings was studied by Chan et al. (1980). 
In sole cropped soybean. Elf soybean tended to increase in 
yield as row spacings were narrowed to 41 cm, while the yield 
of Williams soybean did not change with row widths. In 
intercropped-soybean plots, both cultivars decreased in 
yield as the row widths were narrowed, but the decrease in 
yield was greater for Elf than for Williams. 
The period of vegetative growth of soybean after wheat 
harvest is essential in order to establish a plant size which 
is large enough to support a reasonable seed yield (Jeffers 
and Triplett, 1979). A short season and determinate cultivar 
does not develop sufficient vegetative growth after the 
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wheat is harvested (Brown, 1982). To shorten the time period 
of competition between the component crops in a relay inter­
cropping system, early harvesting of the small grain crop 
may be employed. Triplett et al. (1975) stated that rainfall 
within 20 days of soybean seeding and an early wheat harvest 
are the factors that seemed to be associated with good relay 
intercropped stands and yields. Wheat can be harvested at 
20 to 30% moisture content without loss of quality or yield 
(Jeffers and Triplett, 1979). 
Small grain crops could be used for silage which would 
reduce the period of competition between the component crops. 
When oat was harvested for silage in a sole cropping system, 
the silage yield of oat dry matter was 4000 kg ha ^  with 9% 
crude protein (Brown and Graffis, 1976). For oat inter­
cropped with soybean, the silage yield was 4200 kg ha ^ of dry 
matter with 9.6% crude protein. The soybean appeared to in­
crease the yield and protein content of the silage. In the 
same study, soybean yields were greater when oat was harvested 
for silage than for grain. Soybean yielded 1880 kg ha ^ 
when oat was harvested for grain. Moreover, intercropping 
corn and soybean for silage has been proposed as a way of 
increasing on-farm protein production without severe reduc­
tion in total forage dry matter yield (Herbert et al., 1984). 
Triplett et al. (1976) described that the harvesting 
time of wheat was associated with the soybean yields. When 
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wheat was harvested in late June, the soybean yields were 
usually larger than when wheat was harvested in mid July. 
Removing wheat plants that shade the soybean may assist the 
growth and development of the soybean plants. Jeffers et al. 
(1977) studied the effect of windrowing (in which wheat was 
cut and windrowed for drying) on wheat yield in double 
cropping wheat-soybean. The actual harvested wheat yield 
was depressed by the windrowing treatment because of exces­
sive losses by shattering, and resulted in excessive volun­
teer wheat competing with the soybean. 
One characteristic of oat which is very useful commer­
cially is test weight. Pendleton (1957) demonstrated that 
test weight of oat obtained from inter seeded clover in oat 
plots averaged slightly higher than that of clean cultivated 
plots. Pendleton and Dungan (1953) found that oat test 
weights were decreased (394, 375, and 371 kg m ^) with in­
creasing oat row spacings (21, 41, and 61 cm, respectively). 
With narrow row spacings, competition among oat plants was 
high and the tillering capacity of oat was reduced. The 
panicle on the main stem generally matured first and often 
escaped high temperatures which were encountered by the 
later-developing tillers. The lesser oat test weights from 
wider row spacings, found by Pendleton and Dungan (1953) were 
probably due to an increase in plant tillering. These 
tillers were late in developing and, therefore, generally 
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encountered more unfavorable weather conditions during 
maturation, thus resulting in less veil-filled grain. 
The purposes of this study were to (a) investigate the 
effect of oat harvesting dates on oat and soybean yields, 
(b) evaluate yield potential of different cultivars of soy­
bean in a relay intercropping system, (c) determine yields 
and performance of soybean cultivars under different 
cropping system (CS) row spacings in a relay intercropping 
system, and (d) evaluate the efficiency of land utilization 
performed by different soybean cultivars in a relay inter­
cropping system. 
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MATERIALS AND METHODS 
A field study was conducted on the lova State University 
Agronomy and Agricultural Engineering Research Center at the 
Bruner Farm during 1983 and at the Burkey Farm, Boone, Iowa, 
during 1984 and 1985. The soil of the experimental area at 
the Bruner Farm was a Webster (Typic Haplaquolls) silt loam 
and at the Burkey Farm was a Nicollet (Aquic Hapludolls)-
Webster (Typic Haplaquolls) complex. 
Treatments consisted of two cropping systems (sole soy­
bean and relay intercrop oat and soybean) and three soybean 
cultivars (Pella, Asgrow 3127, and Hobbit). Also included 
in the treatments were three CS row spacings (25-, 51-, and 
75-cm) based on soybean row spacing, and three oat harvesting 
dates (harvest for silage at dough stage, for grain at physio­
logical maturity, and for grain at harvest maturity). The 
basis for selecting the soybean cultivars Asgrow 3127 (in­
determinate type), Hobbit (determinate type), and Pella (in­
determinate type) was the high yield potential of the culti-
vars in central Iowa according to the Soybean Yield Test in 
Iowa (Iowa Soybean Yield Test Report—1980, 1981; Cooperative 
Extension Service, Iowa State University, Ames, Iowa). Asgrow 
3127 is characterized as having medium plant height, erect 
plant type and group III maturity. It is a high yielding 
cultivar and adapted to narrow rows. Pella soybean is an 
early group III maturity with very good emergence. It is a 
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high yielding cultivar and has high standability. High yield­
ing cultivar, adapted to narrow row spacings, indeterminate 
growth type are characteristics of Hobbit soybean. 
In relay intercropping of oat and soybean, the effects 
of oat row spacing and soybean row spacing were confounded 
and the confounded effect constituted cropping system row 
spacing. Harvesting oat at physiological maturity was done 
when oat was visually observed when 50% of the panicles were 
yellow. 
The experimental design was a randomized complete block 
with three replications. Each plot was 3.05 m wide and 9.14 
m long. Randomized within sole soybean plots were three CS 
row spacings and three soybean cultivars. Randomized within 
relay intercropped plots were three levels of CS row spacings, 
soybean cultivars, and oat harvesting dates. 
The 1983 experimental site was planted to corn during 
the 1982 season, whereas the 1984 and 1985 experimental 
sites were planted to soybean in the previous year. The 
1983 experimental site was fertilized with 40 kg ha ^ 
phosphorus and 75 kg ha~^ potassium in the fall of 1982, 
followed by chisel plowing. During the spring of 1983, the 
field was disked and 50 kg ha~^ nitrogen was applied before 
planting. Land preparation for the 1984 and 1985 experi­
mental sites was similar to the 1983 experimental site except 
the rates of fertilizers used were 27, 50, and 50 kg ha ^ 
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for phosphorus, potassium, and nitrogen, respectively. A 
preemergence herbicide propachlor, at the rate of 2.8 kg a.i. 
ha~^, was applied to control foxtail (Setaria viridis) and 
other grassy weeds during 1985. Five weeks after oat plant­
ing, 1.12 kg a.i. ha~^ of bentazon was applied to control 
broadleaf weeds, i.e., velvetleaf (Abutilon theophrasti), 
smartweed (Polygonum pensylvanicum), and cocklebur (Xanthium 
pensyIvanicum). In 1985, sethoxydim at the rate of 1.43 
kg a.i. ha~^ was also applied after oat harvest and the 
emergence of soybean to control grassy weeds. Supplemental 
hand weeding was done as necessary to keep the plots weed-
free as well. 
Oat was planted as the first crop with 25-cm row 
spacing at the rate of 90 kg ha~^. Soybean in all treat­
ments was planted at the boot stage of oat at the rate of 
5 2 kg m Relay intercropped soybean in 25-cm row 
spacing was planted half-way between two adjacent oat rows. 
To plant soybean in 51- and 76-cm row spacings, 0.8 kg a.i. 
ha~^ of glyphosate was applied on every other row and every 
third row, respectively, to destroy the oats. The soybeans 
were then planted at the desired row spacings. Between two 
rows of soybean in 25- and 51-cm row spacings one oat row 
remained. In 76-cm row spacing, two oat rows remained be­
tween each two rows of soybean. Planting dates of oat and 
soybean are shown in Table A12, Appendix. 
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Oat harvested for silage and for grain at physiological 
maturity was harvested with hand sickle. A small-plot com­
bine was used to harvest oat for grain at harvest maturity. 
The height used to gauge the cutting of the oats for silage 
and for grain at physiological maturity was at the top of 
the soybean canopy for each oat harvesting date. These 
heights were considered to imitate the height of the oat 
after harvest by a combine which was set to reduce trimming 
loss of soybean leaves at the top of the canopy. Oat 
harvesting dates are shown in Table Al2, Appendix. Before 
harvest, every plot was trimmed to the harvested areas of 
7.74, 7.74, and 11.61 m~^ in 25-, 51-, and 76-cm CS 
row spacings, respectively. For oat, four, two,, and four 
rows were harvested from plots that were relay intercropped 
with soybean in 25-, 51-, and 76-cm row spacings, respec­
tively. Whereas in either sole cropping or relay inter­
cropping. four- two- and two soybean rows were harvested. 
After oat was harvested for silage, the whole plants 
were dried at 60°C for 120 hours in a dryer. Total dry 
weight was measured. The oat that was harvested for grain 
at physiological maturity were dried at 37°C for 120 hours 
and total dry weight was measured. The whole plants were 
threshed and cleaned to separate the grain from the straw. 
Grain yield was measured and adjusted to 14% moisture. 
The grain yield of oat harvested by a small-plot combine 
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at harvest maturity was obtained also by the same method as 
used for determining the grain yield of oat harvested at 
physiological maturity. 
The oat plant characters measured were plant height, 
kernel weight, and grain yield. Additionally, oat test 
weight was measured in 1984 and 1985. Oat plant height from 
each plot was averaged from 10 random measurements. To 
obtain oat plant height, a few plants were grasped and mea­
sured from the ground level to the top spikelets of the 
majority of the panicles. Four center rows of oat in 25-
and 76-cm and two center rows from 51-cm CS row spac-
ings were harvested to obtain oat grain yield. Yield 
samples were dried at 60°C for 96 hours in a dryer. Test 
weight and grain yield were taken and adjusted to 14% mois­
ture. Two hundred seeds were counted randomly and weighed 
to obtain a kernel weight. 
Soybean plant characters measured were grain yield, 
number of pods per plant, number of branches per plant, and 
seed weight. Plant height at flowering, at oat harvest, 
and at soybean maturity were also measured. An additional 
measurement made during 1984 and 1985 was the number of 
soybean plant per square meter. Since lodging of soybean 
plants was observed in 1984, therefore, lodging (l=upright 
to 5=completely lodged) was determined. 
To determine soybean grain yield, four middle soybean 
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rows from 25-cm and two middle soybean rows from 51- and 
76-cm row spacings were harvested. The collected yield 
samples were dried at 60°C for 96 hours in a dryer. Grain 
weights were measured and yields were adjusted to 13% 
moisture. Seed weight was obtained from 200 randomly 
selected seeds. 
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RESULTS AND DISCUSSION. 
Presentation of the results and discussion will be re­
stricted to the main effects and significant two-factor inter­
actions for the simplification of the interpretation. Data 
of each year will be presented and discussed separately. 
Combined data from 1983, 1984, and 1985 were analyzed by 
considering year as a random variable and will subsequently 
be discussed. Whenever significant CS row spacing and 
two-factor interactions between CS row spacing and the 
other factors were obtained, the regression analyses were 
performed. The regression analyses were carried out for 
soybean grain yield, oat total dry matter, and test weight 
to CS row spacing and the interactions. Orthogonal 
comparisons were done to compare the differences among soy­
bean cultivars for soybean grain yield, oat total dry matter, 
grain yield, and test weight. Orthogonal comparisons also 
were done to compare the differences among oat harvesting 
date for the aforementioned plant parameters. 
Oat Response 
Year effect 
Significant year effect existed in all attributes mea­
sured (Table A14, Appendix). Oat yield was the greatest in 
1984 (Table 10) followed by 1985 and 1983 (2357, 2118 and 
1186 kg ha~^, respectively). However, the greatest kernel 
Table 10. Mean values of oat plant characters in the relay intercropping system 
as affected by year and CS row spacing measured in 1983, 1984, 
1985 and from the combined data* 
CS row Grain Total dry Percent Kernel Test , Plant height 
spacing yield matter dry matter weight weight at harvest 
cm Kg ha"^ mg seed"^ kg m~^ mm 
Year 
1983 1186 b 2108 b 32.1 b 36.7 b 622 c 
1984 2357 a 3260 a 33.1 b 30.4 c 373.0 b 792 a 
1985 2118 a 3376 a 40.1 a 38.4 a 396.0 a 744 b 
LSD ^ 284 362 1.7 1.1 10.0 26 
SE 99 126 0.58 0.4 3.5 9 
1983 
25 
51 
76 
LSD, 
SE 0.05 
1984 
"25 
51 
76 
LSD 
SE 0.05 
1985 
25 
51 
76 
LSD 
SE 0.05 
1374 a 2533 a 34.73 a 37.9 a 
1020 b 1676 b 30.94 b 35.9 b 
1161 b 2116 ab 30.73 b 36.3 ab 
209 474 2.48 1.6 
73 165 0.86 0.6 
2679 a 3807 a 34.92 a 31.4 a 
1993 c 2743 c 31.83 b 29.7 b 
2399 b 3229 b 32.55 b 30.0 ab 
204 224 1. 30 1.4 
71 78 0.45 0.5 
3019 a 4478 a 40.53 38.2 
1429 c 24 35 c 40.01 38. 3 
1904 b 3215 b 39. 80 38.5 
211 248 1. 39 NS 1. 2 NS 
73 86 0.49 0.4 
396.5 a 
363.8 b 
359.7 b 
15.6 
5.4 
640 
601 
626 
53 NS 
19 
792 
788 
796 
13 NS 
5 
405. 3 a 737 b 
390. 1 b 738 b 
392. 5 b 758 a 
5. 9 12 
2. 1 4 
Combined data 
25 2358 a 3506 a 36.7 a 35.8 401.0 a 737 a 
51 1481 c 2285 c 34.3 b 34.6 377.0 b 701 b 
76 1821 b 2854 b 34.4 b 34.9 376.0 b 721 ab 
LSD„ 284 362 1.7 1.1 NS 13.0 26 
SE • 99 126 0.58 0.4 4.3 9 
^eans followed by the same letter are not significantly different at the 
probability level of 0.05 according to the LSD test. NS= not significant 
according to F-test. 
^Test weight was not determined in 1983. 
^Least significant difference (P < 0.05). 
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•weight and total dry matter (TDM) were obtained in 1985, 
although the differences in TIM between 1984 and 1985 were 
not significant. In 1984, taller oat plants were produced 
(79.2 cm) as compared to 1983 and 1985. The poor growth of 
oat in 1983 may be due to (a) drought stress accelerated 
by higher than normal temperature during the early summer 
of 1983, and (b) the inhibitory effect of corn residues left 
over from the previous year. Nielsen et al. (1960) demon­
strated that aqueous extracts of mature corn stovers de­
creased shoot and root growth of oat and other crops. 
The measurements of oat test weight were done only in 1984 
and 1985. The test weight in 1985 was significantly higher 
than in 1984. 
Soybean cultivar effect 
Mean squares of oat grain yield, total dry matter, 
percent dry matter (PEM), kernel weight, plant height, and 
oat test weight are shown in Table A13, Appendix. Soybean 
cultivar s had no effect on any of the plant parameters mea­
sured (Table A15, Appendix). 
A similar result was obtained when the data were com­
bined (Table A14, Appendix). Indifferences in oat grain 
yield may be due to equivalent competitive stress exerted 
on oat by different soybean cultivars as reflected in a 
similar oat plant height (Table A15, Appendix). Never­
theless, oat tended to yield better when Pella soybean was 
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relay intercropped into oat, as compared with Asgrow 3127 
and Hobbit soybean cultivars. 
CS row spacing effect 
Cropping system row spacing had a significant effect on 
oat grain yield, TDM, and PEM in all three years of the study 
except for PDM in 1985 which was not affected (Table 10). 
The responses of grain yield and TEM to CS row spacings were 
nonlinear since the lack of fit was highly significant in 
every year studied. In addition, oat kernel weight was 
affected significantly by CS row spacing in 1983 and 1984 
but not in 1985 (Table A13, Appendix). In general, oat ex­
hibited the greatest grain yield, TIM, PIM, and kernel weight 
when soybean was relay intercropped in the 25-cm row spacing. 
Intermediate and the lowest oat grain yield, TDM, PIM, and 
kernel weight were found when oat was relay intercropped 
with soybean in 76- and 51-cm row spacings, respectively 
(Table 10). The main reason for these results was probably 
the reduced oat stands in wider CS row spacings. Certain oat 
rows were removed in order to relay intercrop soybean in 51-
and 76-cm row spacings. The resulting stands were 50 and 
67%, respectively, as compared to 100% in 25-cm CS row spac­
ing. Soybean plants from the adjacent rows competed for 
growth factors as well. Therefore, the greatest TEM, grain 
yield, and yield components would be expected from 25-cm CS 
row spacing. Whereas, intermediate and the lowest TDM and 
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grain yield would be expected from 75- and 51-cm row spac-
i ngs, re spectively. 
The greater PIM was achieved in the narrow row spacings 
of CS in 1983 and 1984 (Table 10). One possible reason for 
the results was that plants in narrow rows were subjected to 
less environmental stress, i.e., strong wind and high tem­
perature, than the plants in wider rows, due to the closer 
canopy of narrow row plants. Thus, more moisture was 
probably retained and cooler temperatures existed in the 
closed canopy. As a consequence, more photosynthate was re­
tained which led to the greater PIM of relay intercropped 
oat with narrow row soybean than when relay intercropped with 
wider row soybean. 
Oat test weight was affected significantly by CS row 
spacing in both 1984 and 1985 (Table A13, Appendix). The 
greater oat test weight was achieved in 25-cm as compared to 
51- and 75-Cm CS row spacings. Cropping system row spacing 
did not seem to affect oat plant height. Only in 1985 was 
oat plant height affected. However, the tallest oat plant 
produced, when oat was relay, intercropped with soybean in 
76-cm row spacing, did not contribute to high oat grain 
yield (Table 10). 
All of the plant characters, except kernel weight, 
were affected by CS row spacing when the data were com­
bined (Table A14, Appendix). An oat yield advantage was 
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obtained when soybean was relay intercropped in the 25-citi 
row spacing (Table 10 and Figure 3). Similar results applied 
to TEM and plant height at harvest. Regression analyses in­
dicated that the responses of oat grain yield and TEM to 
CS row spacings were nonlinear due to the highly significant 
lack of fit effect (Table A14, Appendix). Soybean planting 
procedures could be responsible for the reduction of oat grain 
yield when CS row spacings were widened. Some oat rows were 
removed for interseeding soybean. The resulting stands of 
oat were 100, 50, and 57% for 25-, 51-, and 75-cm CS row 
spacings, respectively. 
Oat test weight was greater when soybean was relay in­
tercropped in 25-cm than 51- and 76-cm row spacings. Oat 
test weight insures the potential quality of oat for market­
ing. The higher the test weight the better the grain quali­
ty and the higher the market price. 
Oat harvesting date effect 
The oat grain yield, kernel weight, and plant height at 
harvest were affected by oat harvesting date for two out of 
three years studied (Table A13, Appendix). The oat grain 
yield was greater when oat was harvested at physiological 
maturity (Table 11). The result could be explained by har­
vest loss. The oat was carefully harvested by hand at physio­
logical maturity, but the oat was harvested by machine at 
harvest maturity. Since the intercropped soybean was very 
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Figure 3. Response of oat grain yield to various CS row 
spacings from different years and combined data 
analyses (the vertical line length is equal to 
standard error of a treatment mean) 
Table 11, Mean values of oat plant characters in the relay intercropping system 
as affected by oat harvesting dates measured during 1983, 1984, 1985 
and from the combined data® 
Oat 
harvesting Grain Total dry Percent Kernel Test Plant height 
date" yield matter dry matter weight weight at harvest 
kg ha ^ mg seed"^ kg m~^ mm 
1983 
HDjl - 1676 b 25.42 b - 594 
HD2 1382 a 2541 a 38,85 a 34.6 b - 622 
HD3 , 989 b - - 38.7 a - 650 
LSD„ 171 387 2.03 1.3 - 53 
SE • 59 135 0.70 0.4 18 
1984 
HDi - 2597 b 23.80 b - - 767 b 
HD2 2433 3922 a 42.41 a 28.0 b 358.9 b 828 a 
HD3 2281 - - 32.7 a 387.7 a 780 b 
LSD„ 166 NS 183 1.06 1.1 12.7 13 
SE 58 64 0.37 0.4 4.4 5 
1985 
HDi - 3350 33,78 b - 737 b 
HD2 1919 b 3402 46.44 a 38.4 395,2 738 b 
HD3 2316 a - - 38,3 396,7 758 a 
LSD. 172 203 NS 1.14 0.9 NS 4.8 NS 12 
SE • 60 71 0.40 0.3 1.7 4 
Combined data 
HDi - 2541 b 27.7 b - - 699 b 
HD2 1911 3288 a 42.6 a 33,7 b 377,0 b 729 a 
HD3 1862 - - 36.6 a 392.0 a 730 a 
LSD^ 232 NS 296 1.4 0.9 10.0 26 
SE • 81 103 0.47 0.3 3.5 9 
^Means followed by the same letter are not significantly different at the 
probability level of 0.05 according to the LSD test. MS = not significant 
according to F-test. 
^HD^, HD-, HD^ = oat harvested at dough stage, physiological maturity, and 
at harvest maturity, respectively. 
^Test weight was not determined in 1983, 
"^jeast significant difference (P < 0.05). 
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•well established in 1983, soybean plant height at the time 
of oat harvest was almost the same as the oat plant height. 
As stated by Whigham and Bharati (1985), tall soybean plants 
may interfere with the cereal crop harvest and may be damaged 
during the harvesting process. Therefore, in order to re­
duce soybean damage and maximizing oat grain yield, the 
cutting bar of the combine was adjusted to a height low 
enough to harvest the majority of the oat panicles but high 
enough to reduce soybean top cutting. As a consequence, 
some oat yield was sacrificed. Thus, the oat grain yield was 
less when harvested at maturity than at physiological 
maturity. 
In general, most of the plant characters have completed 
maximum development when the oat plant is at physiological 
maturity (Gardner et al., 1985). However, the oat kernel 
weight had not completed development (Table 11). Greater 
kernel weight was obtained at hairvest maturity than at 
physiological maturity. The physiological maturity of oat 
in this experiment was estimated to be when 50% or more of 
the panicles were yellow. If the oat plants had been left 
in the field longer, they would have accumulated more 
assimilate in the grains and produced a greater yield. This 
statement explains the greater kernel weight when oat was 
harvested at harvest maturity than at physiological maturity. 
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As expected, the taller oat plant was obtained when 
oat was harvested at physiological maturity (as in 1984) 
or at harvest maturity (as in 1985) as compared to the dough 
stage (Table 11). This result was due to the plant develop­
ment effect. However, reduced oat plant height in 1984, 
when oat was harvested at harvest maturity as compared to 
physiological maturity, is unexplainable. 
The effect of oat harvesting date on TEM and PDM was 
significant in every year studied, except for TEM in 1985, 
which was not affected (Table A13, Appendix). As expected, 
TIM and PIM were greater when oat was harvested at the 
physiological maturity than at the dough stage (Table 11). 
The results were due to plant ontogeny. Harvesting the crop 
at physiological maturity allowed more photosynthesis to 
occur, thus, more photosynthate was accumulated. 
The significant effect of oat harvesting date on oat 
test weight occurred only in 1984. The test weight was 
greater when oat was harvested at physiological maturity 
(Table 11). 
From the combined data, harvesting oat at physiological 
maturity and harvest maturity did not affect oat grain yield 
but affected kernel weight. However, harvesting oat at the 
dough stage and at physiological maturity did affect TIM of 
oat (Table 11). 
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Oat kernel weight, when harvested at harvest maturity, 
was higher than when harvested at physiological maturity and 
probably was due to more time allowed for filling the grain 
before the later harvest. 
The greater TDM of oat, when harvested at physiological 
maturity rather than at the dough stage, was accounted for by 
the difference in plant age. The difference in plant age 
was reflected in the differences in plant heights (Table 
11). The test weight of oat, when harvested at harvest ma­
turity, was greater than at physiological maturity. 
Soybean cultivar by oat harvesting date 
The significant effect of soybean cultivar by oat har­
vesting date interaction on oat plant height existed only 
in 1983 (Table A13, Appendix). Oat plant height, when har­
vested at different dates, varied when oat was relay inter­
cropped with different soybean cultivars (Table 12). 
From the combined data, no interaction effect was ob­
served (Table A14, Appendix). 
CS row spacing by oat harvesting date 
The effect of CS row spacing by oat harvesting 
date interaction on oat plant characters was inconsistent 
among the three years of study (Table A13, Appendix). The 
interaction significantly affected oat PIM, grain yield, and 
plant height in 1983 (Table 13). The significant effect was 
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Table 12. Mean values of oat plant height for the signifi­
cant soybean cultivar by oat harvesting date 
interactions during 1983 
_ Plant height at harvest^ Soybean ^ 
cultivar HD^ HD2 HD^ 
mm 
Pella 549 656 616 
Asgrow 3127 615 647 634 
Hobbit 617 ' 563 -701 
^Oat plant height with SE = ± 32. 
, HD., and HD_ = oat harvesting date at dough stage, 
physiological maturity and harvest maturity, respectively. 
also observed on oat PIM and oat test weight in 1984 and 
grain yield in 1985 (Table 14). The PEM values determined 
from oat harvested at the dough stage and at physiological 
maturity differed among CS row spacings (Tables 13 and 14). 
In 25-cm CS row spacing, PDM values increased by 17 and 
21% in 1983 and 1984 when oat was harvested at physiological 
maturity as compared with the dough stage. Whereas, in 51-
and 76-cm row spacings, the PEM values increased 14 and 10% 
in 1983 and 17 and 18% in 1984, respectively. The physio­
logical basis as previously stated for the response of PDM 
to CS row spacing and plant age effect may account for this 
result. 
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Table 13. Mean values of percent dry matter (PIM), grain 
yield, and plant height (PH) of oat for the 
significant CS row spacing by oat harvesting 
date interactions during 1983^ 
Oat plant characters 
CS row PEM^ Grain yield^ PH at harvest^ 
spacing HD^ HD2 HD2 HDg HD^ HD2 HDg 
cm 1 1 1 1 1 -  — —  - ——kg ha-1— — — — — — —  —  —  -  — —  —  —  —  —  —  
25 26.14 43. 32 1781 968 648 683 588 
51 24.17 37. 72 1132 909 548 598 656 
76 25.96 35. 51 1233 1090 586 585 707 
^Oat harvesting date at dough stage (HD^), physio­
logical maturity (HDg), and harvest maturity (HD^). 
^Percent dry matter with SE = ± 1.22. 
^Oat grain yield with SE = ± 103. 
^Oat plant height with SE = ±32. 
In 1983, oat grain yield decreased when oat was har­
vested at harvest maturity as compared to harvesting at 
physiological maturity regardless of CS row spacings (Table 
13) . Harvest loss was responsible for this result. The 
magnitude of yield reductions, when oat was harvested at 
physiological maturity as compared to harvest maturity, were 
inconsistent among CS row spacings. Differences in oat 
stands, as affected by soybean planting pattern and harvest 
loss at maturity, and competitive effect from soybean in 
adjacent rows accounted for the result. In contrast to 1983, 
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Table 14. Mean values of oat percent dry matter (PDM) oat 
test "weight and oat grain yield for the signifi­
cant CS row spacing by oat harvesting date 
interactions in relay intercropping system mea­
sured in 1984 and 1985^ 
-, Oat grain 
PEM Oat test weight yield" CS row ' 
spacing HD^ HD2 HD2 HD^ HD2 HD^ 
cm ————————— ————kg in ^ ——kg ha ^——— 
1984 1985 
25 24.52 45.33 394.1 298.9 2618 3420 
51 23.40 40.27 344.4 383.2 1356 1503 
76 23.48 41.62 338.2 381.1 1784 2024 
^Oat harvesting date at dough stage (HDi), physio­
logical maturity (HC^) and harvest maturity (HD3). 
^Oat percent dry matter with SE = ± 0. 64. 
^Oat test weight with SE = ± 7.7. 
^Oat grain yield with SE = ± 104. 
oat grain yield increased in 1985 when oat was harvested at 
harvest maturity as compared to harvesting at physiological 
maturity regardless of row spacings (Table 14). The mag­
nitude of yield increments were inconsistent among CS row 
spacings. 
In 25-cm CS row spacing, the tallest plant in 1983 was 
obtained when oat was harvested at physiological maturity 
and the shortest plant height was obtained at harvest 
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maturity (Table 13). In contrast to 51- and 76-cm CS row 
spacings, the tallest plant heights were obtained when oat 
was harvested at harvest maturity and the shortest plant 
heights were obtained at the other planting dates. No 
physiological basis explains the decrease in plant height at 
harvest maturity as compared to physiological maturity. The 
increase in plant height from the earliest harvesting to the 
lagest in 51- and 76-cm row spacing was due to plant ontogeny. 
The differences in oat test weight in 1984 when oat was 
harvested at physiological maturity and at harvest maturity 
were smaller in 25-cm than in 51- and 76-cm CS row spacings. 
When the data were combined, no significant effect of 
the interaction was detected (Table A14, Appendix). 
Simple Correlation Coefficients 
Correlation coefficients among oat plant characters 
measured for 1983, 1984 and 1985 are shown in Table A16; 
Appendix. The positive and highly significant correlations 
which persisted across the three years were found between 
harvesting date and PEM, TEM and grain yield, and TEM and 
plant height at harvest. Oat test weight was strongly cor­
related to TEM in both years ; however, the significant 
correlation between test weight and grain yield of oat was 
found only in 1985. The results revealed that yield differ­
ences of oat were mainly the function of TIM and plant 
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height as affected by various treatments and the combination 
of treatments used in this experiment. 
Soybean Response 
Year effect 
Significant year effects existed in all plant charac­
ters measured (Table A19, Appendix). Soybean produced the 
greatest grain yield, number of pods per plant, number of 
branches per plant, and the tallest plant height at harvest 
maturity in 1983 (Table 15). Soybean seed weight was sig­
nificantly greater in 1984 than in 1983 and 1985. The aver­
age grain yield in 1983 was about 35% higher than in 1984 
and 50% higher than in 1985. The best performance of soy­
bean in 1983 compared with that in 1984 and 1985 could be 
related to the poor performance of oat in 1983, as has been 
described previously for oat response. 
Cropping system effect 
Table Al7, Appendix shows the mean squares from the 
analyses of variance of soybean plant characters for differ­
ent cropping systems. Cropping system had a significant 
effect on soybean seed weight, plant height at flowering, 
and plant height at harvest in all three years of the study. 
However, number of branches per plant was not affected by 
different cropping systems. In 1984 and 1985, the soybean 
Table 15. Mean values of soybean plant characters for 
cropping systems measured during 1983, 1984 and 
1985 and from tiie combined data^ 
Cropping Grain Seed No. of^ 
system yield weight pods pl~ 
kg ha~^ mg seed"^ 
Year 
1983 2317 a 133.1 b 289 a 
1984 1504 b 123.5 c 14.7 b 
1985 1140 c 145.3 a 14.9 b 
SE°0.05 
192 
59 
7.4 
2.6 
1.6 
0.5 
1983 
Sole soybean 2455 140.7 a 28.8 
Relay soybean 2271 130.5 b 28.9 
303 NS 8.5 2.4 NS 
76 2.1 0.6 
(132) (3.7) (1.1) 
1984 
Sole soybean 2310 a 132.7 a 18.4 a 
Relay soybean 1235 b 120.4 b 13.4 b 
162 7.3 1.2 
41 1.8 0.3 
(71) (3.2) (0.6) 
1985 
Sole soybean 2150 a 160.3 a 18.2 a 
Relay soybean 804 b 140.3 b 13.8 b 
lfo.05 
141 7.5 1.7 
35 1.9 0.4 
(61) (3.3) (0.8) 
Combined data 
Sole soybean 2035 a 144.5 a 21.8 a 
Relay soybean 1437 b 130.4 b 18.8 b 
i^o.os 181 7.0 
1.5 
46 1.8 3.7 
(79) (3.0) (6.5) 
^eans followed by the same letters are not signifi­
cantly different at the probability of 0.05 according to the 
LSD test. NS = not significant according to F-test. 
^No. of plants m~^ at harvest was determined in 1984 
and 1985. Lodging score was determined only in 1984. 
^east significant difference (P < 0.05). 
^SE for sole oat appears in parentheses. 
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No. of No. of_2 Plant Plant 
branches plant m~ , height at height Lodging 
plant"! at harvest flowering at harvest score^ 
mni' 
1.1 a - 390 b 740 a -
0.8 b 56 a 417 a 713 a -
1.0 ab 52 b 291 c 509 b -
0.2 4 25 53 -
0.1 0.1 9 19 
1.0 _ 420 a 837 a 
1.2 - 380 b 708 b -
0.3 NS - 19 72 -
0.1 - 47 18 
(0.1) (82) (31) 
0.8 55 534 a 921 a 3.5 
0.8 55 378 b 644 b 1.9 
0.3 NS 3 NS 34 49 0.4 
0.1 0.2 9 8 
(0.1) (1.3) (15) (15) 
1.0 59 a 358 a 515 a 
0.9 49 b 266 b 474 b -
0.3 NS 6 21 34 -
0.1 0.1 5 14 
(0.1) (0.5) (9) (24) 
0.9 57 a 441 a 791 a 
1.0 53 b 341 b 609 b -
0.2 NS 5 24 50 -
0.1 0.1 6 13 
(0.1) (2.0) (11) (21) 
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grain yield and number of pods per plant were affected by 
different cropping systems. Cropping systems also affected 
lodging in 1984 and number of harvested plants per square 
meter in 1985. 
Means of soybean plant characters presented in Table 15 
indicate a significant decrease in seed weight, plant height 
at flowering, and plant height at harvest when grown in the 
relay intercropping system during 1983. However, these 
decreases did not significantly decrease soybean grain yield. 
This result can be attributed to the observation that oat 
established poorly due to the drought stress and warmer 
weather during the summer of 1983. Additionally, large 
amount of corn residue left over from the previo.us year may 
be inhibitory to oat. As a consequence, soybean growth and 
development in relay intercropping were affected very little 
by competitive stress exerted by oat. 
In 1984 and 1985, relay intercropped soybean exhibited 
a decrease in grain yield, seed weight, number of pods per 
plant, and plant height (Table 15). These results agree 
with Chan et al. (1980) and McBroom et al. (1981). 
When the data were combined, cropping systems signifi­
cantly affected soybean grain yield, seed weight, and 
number of pods per plant (Table A17, Appendix). Soybean 
plant height at flowering and at harvest and number of plants 
per square meter were also affected by cropping systems. 
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Relay intercropping system generally decreased all soybean 
plant characters except for number of branches per plant 
(Table 15). These results are in agreement with the general 
reports that sole cropped yield is greater than relay inter­
cropped yield (Jeffers and Triplett, 1979; Mohta and De, 
1980; McBroom et al., 1981; Ahmed and Rao, 1982; Elmore and 
Jackobs, 1984; Kaplan and Brinkman, 1984). Shading effects 
of oat probably caused the reduction in grain yield of soy­
bean in relay intercropping system (Ahmed and Rao, 1982). 
Elmore and Jackobs (1984) also reported higher seed weight 
and number of pods per plant for sole cropped than for relay 
intercropped soybeans. 
Soybean cultivar effect 
Soybean cultivars significantly affected soybean seed 
weight, number of branches per plant, and plant height at 
harvest in every year of the study (Table A18, Appendix). 
Number of pods per plant and plant height at flowering in 
1983 and number of pods per plant in 1985 were affected sig­
nificantly by soybean cultivar. In 1984, soybean grain yield, 
plant height at oat harvest and at flowering, and number of 
plants harvested were affected by soybean cultivar but not 
lodging. 
Since soybean grain yield was significantly affected 
by soybean cultivar in 1984, the sum of squares for grain 
yield was partitioned into two orthogonal comparisons 
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(Table A18, Appendix). They were (a) determinate cultivar 
(Hobbit) versus the average of the indeterminate cultivars 
(Asgrow 3127 and Pella), and (b) within the indeterminate 
cultivars (Asgrow 3127 versus Pella). The comparisons indi­
cate that soybean grain yield differed significantly between 
the determinate and the average of the indeterminate culti­
vars. The difference between Asgrow 3127 and Pella also oc­
curred with Pella having greater grain yield in 1984 (Table 15). 
In the three years of study, seed weight was significant­
ly greater for Pella as compared to Asgrow 3127 and Hobbit 
(Table 16). On the contrary, Hobbit had the greatest number 
of branches per plant and the shortest plant height. These 
results agree with other reports that determinate cultivars 
such as Hobbit are shorter and have more branches than the in­
determinate cultivars (Hicks et al., 1969; Shroyer, 1980; 
Cooper, 1981). Bharati (1984) also reported that Pella had 
the greatest seed weight and Hobbit had the greatest number 
of branches per plant. 
From the combined data, significant differences existed 
among soybean cultivars for seed weight, number of pods per 
plant, number of branches per plant, and plant height (Table 
A19, Appendix). Soybean grain yield and plant height at oat 
harvest were unaffected. Nevertheless, Pella soybean tended 
to have greater grain yield than Hobbit and Asgrow 3127, re­
spectively (Table 16) . The compensatory effects among plant 
characters, i.e., seed weight, number of pods per plant. 
Table 16. Mean values of soybean plant characters in the 
relay intercropping system as affected by year 
and soybean cultivar in 1983, 1984, 1985 and 
the combined data 
No. of 
Soybean Grain Seed No. of_^ branches 
cultivar yield weight pods pl~ pi"! 
— —— 
kg ha mg seed 
Year 
1983 2271 a 130.5 b 28.9 a 1.2 a 
1984 1235 b 120.5 c 13.8 b 0.9 b 
1985 , 804 c 140.3 a 13.4 b 0.8 b 
144 2.9 1.3 0.2 
51 1.0 0.4 0.1 
1983 
Pella 2339 150.4 a 25.7 b 1.4 a 
Asgrow 3127 2238 120.4 b 31.0 a 0.8 b 
Hobbit 2235 120.9 b 30.0 a 1.4 a 
339 NS 5.0 2.7 0.4 
119 2.1 0.9 0.1 
1984 
Pella 1327 a 140.8 a 12.6 a 0.8 b 
Asgrow 3127 1045 b 104.3 c 13.7 ab 0.4 c 
Hobbit 1332 a 116.3 b 14.0 a 1.3 a 
|^°0.05 162 4.0 1.3 0.3 
57 1.2 0.5 0.1 
1985 
Pella 805 157.0 a 10.8 b 0.7 b 
Asgrow 3127 849 132.1 b 15.4 a 0.7 b 
Hobbit 757 131.8 b 15.2 a 1.4 a 
'^f0.05 
121 NS 4.9 1.2 0.2 
42 1.7 0.4 0.1 
Combined data 
Pella 1491 149.4 a 15.4 b 1.0 b 
Asgrow 3127 1378 118.9 c 20.1 a 0.6 c 
Hobbit 1442 123.0 b 19.7 a 1.4 s. 
11-0.05 
144 NS 2.9 1.3 0.2 
51 1.0 0.4 0.1 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^No. of plants was not determined in 1983. 
^Lodging was determined only in 1984. 
^east significant difference (P<0.05). 
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No. of 2 Plant ht Plant Plant 
plants in~ at oat height at height Lodging 
at harvest harvest flowering at harvest score^ 
-iran- 1-5 
56 a 
49 b 
5.3 
0.8 
249 a 
202 b 
145 c 
21 
7 
380 a 
379 a 
255 b 
20 
7 
708 a 
544 b 
474 c 
39 
14 
1.9 
253 
247 
248 
19 NS 
7 
397 
372 
371 
19 
7 
a 
b 
b 
844 a 
759 b 
520 c 
37 
13 
55 b 
58 a 
55 
3.0 
0.1 
49 
51 
46 
5.3 
1.8 
219 a 
183 c 
205 b 
11 
4 
147 
147 
141 
10 NS 
4 
388 b 
315 c 
432 a 
19 
7 
257 
262 
268 
15 NS 
5 
730 a 
615 b 
587 b 
32 
11 
494 
509 
419 
29 
10 
2.0 
1.7 
2.0 
0.04 NS 
0.1 
52 
5D 
51 
5.5 
0.8 
205 
198 
192 
21 NS 
7 
351 a 
315 b 
357 a 
20 
7 
689 a 
628 b 
509 c 
39 
14 
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number of branches per plant, and plant height may be re­
sponsible for the indifferences in yield among soybean cul-
tivars. These results were in contrast to the results re­
ported by other researchers (Chan et al., 1980; McBroom et 
al., 1981). Bharati (1984) reported the large differences 
in yield between Asgrow 3127 and Pella soybeans were due to 
the difference in their genetic make-up. 
CS row spacing effect 
A significant CS row spacing effect existed in grain 
yield and other plant characters measured in the three years 
of study (Table A18, Appendix). However, soybean plant height 
at oat harvest in 1984 was unaffected. The response of soy­
bean grain yield to CS row spacing was not a linear relation­
ship since the lack of fit was highly significant. Relay in­
tercropped soybean in 51-cm row spacing exhibited the greatest 
grain yield in all three years of study (Table 17). The in­
termediate and lowest grain yields obtained from the three 
years studied were inconsistent. The results may be attributa­
ble to: (a) soybean plants in 51-cm row spacing were evenly 
spaced, (b) there was greater interrow competition between soy­
bean and oat plants in 25-cm row spacing, (c) the different 
growth and development of oat in each year of the study, (d) 
the light energy was not fully intercepted due to incomplete 
ground cover in 75-cm row spacing, and (e) the combination 
Table 17. Mean values of soybean plant characters in the 
relay intercropping system as affected by 
CS row spacing in 1983, 1984, 1985 and the 
combined data^ 
No. of 
CS rov Grain Seed No. of branches 
spacing yield weight pods pl~ pl~^ 
cm kg ha •1 mg seedT^ 
1983 
25 2335 a 123.3 b 31.1 a 1.4 a 
51 2613 a 131.4 a 29.3 a 0.9 b 
76 . 1865 b 136.9 a 26.4 b 1.3 ab 
-fo.05 339 
6.0 2.7 0.4 
119 2.1 0.9 0.1 
1984 
25 1130 b 116.5 b 15.4 a 1.1 a 
51 1465 a 122.5 a 13.2 b 0.8 ab 
76 1111 b 122.3 a 11.6 c 0.6 b 
162 4.0 1.3 0.3 
57 1.2 0.5 0.1 
1985 
25 536 c 132.3 b 13.4 b . 1.4 a 
51 1007 a 143.6 a 13.2 b 0.7 b 
76 870 b 144.9 a 14.7 a 0.8 b 
^f0.05 
121 4.9 1.2 0.2 
42 1.7 0.4 0.1 
Combined data 
25 1333 b 124.1 b 20.0 a 1.3 a 
51 1695 a 132.5 a 18.6 b 0.8 b 
76 1282 b 134.7 a 17.6 b 0.9 b 
^fo.05 
144 2.9 1.3 0.2 
51 1.0 0.4 0.1 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^No. of plants m~^ was not determined in 1983. 
lodging score was determined only in 1984. 
"^east significant difference (P<0.05). 
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No. of _2 Plant ht Plant Plant 
plants m , at oat height at height Lodging 
at harvest harvest flowering at harvest score^ 
1-5 
253 397 a 844 a __ 
- 247 372 b 759 b -
- 248 371 b 520 c -
- 19 NS 19 37 — 
7 7 13 
59 a 203 343 b 583 b 1.5 c 
55 b 198 393 a 679 a 1.9 b 
53 b 206 399 a 670 a 2.3 a 
3.0 11 NS 19 32 0.4 
0.1 4 7 11 0.1 
36 b 114 C 217 c 425 b 
56 a 151 b 282 b 498 a — 
55 a 169 a 299 a 499 a -
5.2 10 15 29 
1.8 4 5 10 
48 b 194 305 b 557 b _ 
56 a 196 351 a 630 a — 
54 ab 207 369 a 640 a — 
6.5 21 NS 20 39 
0.8 7 7 14 
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of the above reasons. Nevertheless, the intermediate and 
the lowest soybean grain yields were likely to be obtained 
from relay interplanting soybean in 25- and 76-cm row spac-
ings, respectively. 
The greatest soybean seed weight was obtained from 
relay intercropped soybean in 51-cm rows (Table 17). The 
lowest seed weight was obtained from relay intercropped 
soybean in 25-cm row spacing. The response of the other 
soybean plant characters were different in each year of the 
study. 
When the data were combined, CS row spacing significantly 
affected all plant characters measured but not plant height 
at oat harvest (Table A19, Appendix). Response of grain 
yield to row spacing was a nonlinear relationship due to the 
highly significant lack of fit (Pr > F = 0.0001). The great­
est yield was obtained when soybean was relay intercropped 
into oat in 51-cm row spacing (Fig. 4). The more evenly 
spaced soybean plants in the 51-cm row spacing may have con­
tributed to the greatest yield of soybean. In the 76-cm row 
spacing, after the oat was harvested, the row spacing was 
so wide that less moisture was preserved and the light 
energy was not fully intercepted due to an incomplete ground 
cover by the soybean canopy. In contrast to 25-cm row 
spacing, it was difficult to center the soybean rows between 
the two adjacent oat rows. In a few areas, the soybean rows 
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Figure 4. Response of soybean grain yield to various CS 
row spacings from different years and combined 
data analyses (the vertical line length is equal 
to standard error of a treatment mean) 
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were unavoidably planted very close to the well-established 
oat rows. Therefore, soybean establishment was poor in 
some areas of the 25-cm row spacing and some even failed to 
become established. However, soybean yield reduction, as 
the row widths were narrowed, was reported by Chan et al. 
(1980). 
Number of pods per plant and number of branches per 
plant increased and seed weight and plant height at harvest 
decreased when CS row spacings were narrowed (Table 17). 
Oat harvesting date effect 
The significant effect of oat harvesting date on soybean 
plant height at oat harvest for each year of the study is 
shown in Table A18, Appendix. Number of pods per plant was 
unaffected. Soybean grain yield was significantly affected 
by oat harvesting date in 1984 and 1985 but not in 1983. 
Harvesting oat at the earlier stage resulted in greater 
grain yield of soybean than at the later stage (Table 18). 
The result was due to the earlier removal of spatial compe­
tition, exerted by oat, at the dough stage. 
In 1983 and 1984, soybean seed weight and plant height 
at harvest were significantly affected by oat harvesting 
date (Table A18, Appendix). The response of soybean seed 
weight was similar to plant height at harvest (Table 18). 
Table 18. Mean values of soybean plant characters in the 
relay intercropping system as affected by oat 
harvesting dates in 1983, 1984, 1985 and the 
combined data^ 
0at No. of 
harvesting Grain Seed No. of_^ branches 
date" yield weight pods pl~ pl~^ 
1983 
HD, 
HD2 g-o.os' 
1984 
HDi 
HDo 
HD3 
1985 
kg ha~^ mg seed"^ 
HD^ 
HDo 
HD3 
g|;D0.05 
Combined data 
HD]^  
KDo 
HD3 
l fo .05 
2394 135.8 a 30.1 1.1 
2207 129.4 b 27.9 1.1 
2211 125.4 b 28.6 1.4 
339 NS 5.0 2.7 NS 0.4 NS 
119 2.1 0.9 0.1 
1436 a 123.5 a 14.1 0.6 b 
1175 b 118.6 b 13. 3 0.9 ab 
1095 b 119.4 b 12.9 1.0 a 
152 4.0 1. 3 NS 0.3 
57 1.2 0.5 0.1 
918 a 141.9 14.3 1.0 
837 a 140.0 13.9 0.9 
656 b 139.0 13.1 1.0 
121 4.9 NS 1.2 NS 0.2 NS 
42 1.7 0.4 0.1 
1583 a 133.8 a 19.5 0.9 
1407 b 129.3 b 18.4 1.0 
1320 b 128.2 b 18.2 1.1 
144 2.9 1.3 NS 0.2 NS 
51 1.0 0.4 0.1 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
HD2, HD3 = oat harvest at dough stage, physio­
logical maturity, and harvest maturity, respectively 
^Number of plants m~^ was not determined in 1983. 
"^Lodging score was determined only in 1984. 
®Least significant difference (P<0.05). 
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No. of _2 Plant ht Plant Plant 
plants in~ ^ at oat height at height Lodging 
at harvest harvest flowering at harvest score 
mm 1-5 
156 c 384 761 a 
212 b • 377 690 b 
379 a 379 572 b 
19 19 NS 37 
7 7 13 
56 ab 89 c 398 a 709 a 2.5 a 
58 a 213 b 359 c 613 b 1.7 b 
54 b 305 a 378 b 610 b 1.5 b 
3.0 11 19 32 0.4 
0.1 4 7 11 0.1 
47 89 c 264 490 
52 132 b 267 477 
48 214 a 267 455 
5.3 NS 10 15 NS 29 NS 
1.8 4 5 10 
52 111 c 349 653 a 
55 186 b 342 594 b 
51 300 a 341 579 b 
6.5 NS 21 20 NS 39 
0.8 7 7 14 
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The fact that harvesting the oat earlier reduced the com­
petitive period between oat and soybean accounted for this 
result. 
The number of branches per plant increased when oat 
harvesting dates were delayed in 1984. The result was due to 
the clipped off top part of the soybean when oat was har­
vested at harvest maturity. Consequently, soybean may de­
velop alternate shoots in response to the removal of the 
apical dominance effect. 
Lodging, number of plants harvested per square meter, 
and plant height at flowering were also affected in 1984 
(Table A18, Appendix). 
When the data were combined, only soybean grain yield, 
seed weight, plant height at oat harvest, and plant height 
at soybean maturity were significantly affected by the oat 
harvesting date (Table A19, Appendix). Two orthogonal com­
parisons were conducted for grain yield response. They were; 
(a) harvesting oat at the dough stage versus the average of 
harvesting oat for grain at physiological maturity and har­
vest maturity and.(b) harvesting at at the physiological ma­
turity versus at harvest maturity. The result reveals that 
harvesting oat at the dough stage resulted in the greatest 
soybean yield (Table 18). A similar result was reported by 
Triplett et al. (1976). Similar trends were observed in the 
responses of seed weight and plant height at harvest. Early 
removal of oat reduced the growth competition and shading 
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effects of oat on soybean; therefore, high soybean grain 
yield was obtained. 
No two-factor interaction was detected for grain yield 
and other soybean plant parameters either in 1983, 1984, 
1985, or the combined data (Tables A18 and A19, Appendix). 
From the combined data, soybean cultivar by CS row 
spacing had significant effect only on soybean seed weight. 
Simple Correlation Coefficients 
The illustration of simple correlation coefficients 
among the attributes measured is shown in Table A20, Appen­
dix, for the three years studied. The positive and signifi­
cant correlations persisting over the three years were found 
between (a) soybean seed weight and plant height at harvest, 
(b) grain yield and number of pods per plant, (c) number of 
pods per plant and number of branches per plant, (d) oat 
harvesting date and plant height at oat harvest, (e) CS 
row spacing and plant height at flowering, (f) seed weight 
and plant height at flowering, and (g) plant height 
at maturity and plant height at flowering. The negative 
and highly significant correlations across the three 
years were observed between (a) soybean cultivar and seed 
weight and (b) soybean cultivar and plant height at 
maturity. The greater grain yield of soybean as affected 
by different treatments and their combinations obtained in 
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this experiment may be explained by the greater number of 
pods per plant. 
Land Equivalent Ratio (LER) 
The LER values of relay intercropped oat and soybean 
were obtained from the summation of the oat fraction (L^ ) 
and the soybean fraction (Lg). .L^, Lg, and LER computations 
were based on the same unit land area and expressed as; 
LER = 1% + Lg 
= (Iq/SQ) + ds/^s) 
where; 1^ = oat intercropped yield 
SQ = oat sole cropped yield 
Ig = soybean intercropped yield 
Sg = soybean sole cropped yield. 
The significant year effect on LQ, Lg, and LER was 
shown in Table A21, Appendix. The greatest, intermediate, 
and the lowest LERs were obtained from 1983, 1984, and 1985, 
respectively (Table 19). A similar trend was also 
observed for Lg values. Due to the lower intercropped soy­
bean yields in 1984 and 1985, 50 and 35% of sole cropped 
yield, respectively, the LER values in 1984 and 1985 were 
lower than in 1983. The greatest LER value in 1983 can be 
attributed to the greatest intercropped soybean yield in 
1983, as compared to 1984 and 1985, which was 97% of the 
sole cropped yield. 
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Table 19. Mean values of the oat fraction (Lq), the soybean 
fraction (Lg) and LEE of the relay intercropping 
system as affected by year and soybean cultivar 
in 1983, 1984, 1985 and the combined data^ 
Soybean 
cultivar LER 
Year 
1983 
1984 
1985 
LSD 
SE 0.05 
1983 
Pella 
Asgrow 3127 
Hobbit 
LSD, 
SE '0.05 
1984 
Pella 
Asgrow 3127 
Hobbit 
LSD, 
SE '0.05 
1985 
Pella 
Asgro-w 3127 
Hobbit 
LSD, 
SE '0.05 
Combined data 
Pella 
Asgrow 3127 
Hobbit 
LSD, 
0.80 
0.83 
0.61 
0.11 
0.04 
SE '0.05 
0 .88  
0.78 
0.73 
0.07 NS 
0.05 
0.84 
0.79 
0.87 
0.07 NS 
0.03 
0.51 
0.64 
0.50 
0.07 NS 
0.02 
0.78 
0.74 
0.73 
0.11 NS 
0.04 
0.97 a 
0.50 b 
0.35 c 
0 .08  
0.03 
1.07 
0.85 
0.98 
0.11 NS 
0.09 
0.53 
0.45 
0.49 
0.11 NS 
0.03 
0.38 
0.35 
0.35 
0.10 NS 
0.04 
0. 65 a 
0.55 b 
0.51 ab 
0 .0 8  
0.03 
1.77 a 
1.33 b 
0.97 c 
0.14 
0.05 
1.95 
1.54 
1.71 
0.13 NS 
0.10 
1.37 
1.25 
1.35 
0.13 NS 
0.05 
0.99 
0.99 
0.93 
0.12 NS 
0.04 
1,44 a 
1.29 b 
1.34 a 
0.14 
0.05 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^Least significant difference (P < 0.05). 
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The soybean cultivar did not affect LQ, Lg, and LER 
values in any year of the study (Table A19, Appendix, and 
Table 19). When the data were combined, the result revealed 
that the Lg value was affected by soybean cultivar. The 
soybean cultivar Pella was more likely to give a greater Lg 
value than Asgrow 3127 and Hobbit cultivars (Table 19). 
Only the value was affected by CS row spacing for 
every year of the study (Table 20) . The Lg value was affected 
in both 1984 and 1985 and the LER value was affected only 
in 1985 by CS row spacing. Generally, the greatest, inter­
mediate and the lowest L^ values were obtained when oat was 
relay intercropped with soybean in 25-, 76-, and 51-cm row 
spacings, respectively. The result was due to the differ­
ences in oat stands. Due to the difficulties in relay 
interplanting soybean in 25-cm row spacing, the Lg value was 
the lowest when compared to 51- and 76-cm row spacings. The 
relay intercropped soybean stand in the 25-cm row spacing 
was less than optimum and yielded poorly in 1984 and 1985. 
Relay intercropped soybean yielded 40 and 21% of the sole 
cropped yield in 1984 and 1985, respectively. The LER value 
depends on the L^ and Lg values. The lowest LER value in 
1985 was associated with the 25-cm CS row spacing and 
was due to the lowest Lg value as compared to 1983 and 1984 
for the same row spacing. 
From the combined data, only LQ and Lg values were 
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Table 20. Mean values of the oat fraction (Lq)» the soybean 
fraction (Lg) and LER of the relay intercropping 
system as affected by CS row spacing in 
1983, 1984, 1985 and the combined data* 
CS row 
spacing LER 
cm 
1983 
25 
51 
76 
LSD 
SE 0.05 
0.91 a 
0.59 b 
0.79 ab 
0.13 
0.05 
0.81 
1.05 
1.06 
0.27 NS 
0.09 
1.72 
1.74 
1.84 
0.30 NS 
0.10 
1984 
25 
51 
75 
LSD 
SE 0.05 
0.95 a 
0.71 c 
0.85 b 
0.07 
0.03 
0.40 b 
0.59 a 
0.48 ab 
0.11 
0.03 
1.35 
1.30 
1.33 
0.13 NS 
0.05 
1985 
25 
51 
76 
LSD, 
SE 0.05 
0.87 a 
0.41 c 
0.55 b 
0.07 
0.02 
0.21 b 
0.42 a 
0.45 a 
0.10 
0.04 
1.08 a 
0.83 b 
1.01 a 
0.12 
0.04 
Combined data 
25 
51 
75 
LSD 
SE 0.05 
0.91 a 
0.50 c 
0.73 b 
0.11 
0.04 
0.48 b 
0.59 a 
0.57 a 
0.08 
0.03 
1.39 
1.29 
1.30 
0.14 NS 
0.05 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^Least significant difference (P < 0.05). 
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significantly affected by CS row spacing (Table A21, Appen­
dix) . The differences in LQ values (Table 20) among CS row 
spacings in a relay intercropping system depend on the oat 
stands. With the same experimental condition, the differ­
ence in Lg values depends on the performance of soybean. 
Despite the CS row spacing effect on LQ and Lg values, it 
did not affect LER. Similar LER values may be obtained from 
different treatments, i.e., the treatment with low and 
high Lg values and with high Lg and low Lg values. 
The oat harvesting date did not affect Lg and LER values 
In every year of the study but significantly affected LQ 
values in 1983 and 1985 but not in 1984 (Table A21, Appendix). 
The results were inconsistent between 1983 and 1985. The 
greater values of LQ were obtained when oat was harvested at 
physiological maturity and at harvest maturity, respectively 
(Table 21). 
Soybean cultivar by CS row spacing, and CS row spacing 
by oat harvesting date interactions in 1983 affected only the 
LQ value. LQ value was also affected by CS row spacing and 
oat harvesting date interaction in 1983. No two-factor inter­
action was observed when the data were combined. 
Table A22, Appendix, shows the simple correlation co­
efficients (r) among the variables studied. Consistent and 
positive correlations across three years of the study ex­
isted between (a) IQ and L^, (b) S^ and Ig, (c) S^ and Lg, 
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Table 21. Mean values of the oat fraction (LQ), the soybean 
fraction (Lg) and LER of the relay intercropping 
system as affected by oat harvesting date in 
1983, 1984, 1985 and the combined data 
Oat 
harvesting date LQ Lg LER 
1983 
Physiological 
maturity 0.92 a 0.96 1.88 
Field maturity 0.57 b 0.98 1.55 
LSD. nq 0.11 0.22 NS 0.24 NS 
SE 0.04 0.08 0.08 
1984 
Physiological 
maturity 0.85 0.51 1.37 
Field maturity 0.81 0.47 1.28 
LSD. nq 0.05 NS 0.09 NS 0.11 NS 
SE 0.02 0.10 0.04 
1985 
Physiological 
maturity 0.55 b 0.41 0.95 
Field maturity 0.57 a 0.32 0.99 
LSD_ 0.05 0.08 NS 0.10 
SE 0.02 0.03 0.04 
Combined data 
Physiological 
maturity 0.78 0.52 1.40 
Field maturity 0.71 0.50 1.31 
LSD- 0.09 NS 0.05 NS 0.11 NS 
SE 0.03. 0.02 0.04 
^eans followed by the same letter are not significant­
ly different at the probability level of 0.05 according to 
the LSD test. NS = not significant according to F-test. 
^Least significant difference (P < 0.05). 
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(d) IG and Lg, (e) IQ and LER, and (f) LQ and LER. The 
results reveal that LQ necessarily depends on as reflected 
in very high positive correlations between L^ and IQ (r 
values ranged from 0.97-0.99). The LER is dependent largely 
on LQ. In this experiment, greater LER values can be at­
tributable to greater LQ values which depend on IQ. Except 
for the LER value obtained during 1983, the greater LER 
values were due to greater L^ and Lg values (Table 19). The 
negative correlation was observed between CS row spacing and 
Sg over three years of study. 
The results, in general, support the findings that the 
LER values obtained in 1984 and 1985 depend primarily on the 
LQ values. The Sg value depends on CS row spacings. In 
general, a greater Sg value is obtained with narrow row 
spacings. Additionally, Lg is essentially dependent on Ig. 
The lower the soybean intercropped yield the lower the Lg. 
Neither the Lg, Lg, nor the LER values were affected by 
soybean cultivars or oat harvesting dates (Tables 19 and 
21). Nevertheless, the tendency was that relay intercropped 
Pella soybean, planted in a 25-cm row spacing, and oat har­
vested at physiological maturity was most likely to give a 
high LER value. 
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SUMMARY AND CONCLUSIONS 
Soybean cultivars, CS row spacings, and oat har­
vesting dates were studied in the oat and soybean relay 
intercropping experiment. The three cultivars were Pella 
(indeterminate), Asgrow 3127 (indeterminate), and Hobbit 
(determinate). The three CS row spacings were 25, 51, 
and 76 cm and three oat harvesting dates were harvesting at 
dough stage, physiological maturity, and harvest maturity. 
The spring oat variety Lang was grown as the first crop. 
The second crop, soybean, was relay interplanted at the boot 
stage of oat. The experiment was conducted for three years 
(1983, 1984, and 1985). Oat plant characters, grain yield, 
total dry matter, and test weight, were measured. For soy­
bean, grain yield, seed weight, and other plant parameters 
were measured. In addition, lodging was also determined 
in 1984 and 1985. The land use efficiency expressed as land 
equivalent ratio (LER) was also determined. 
The responses of oat and soybean to the treatments 
varied among years and plant parameters studied. However, 
similar trends were detected in most plant parameters mea­
sured. The growing environment in 1983 was more favorable 
to soybean, with respect to temperature, moisture, and 
planting date, than in 1984 and 1985. On the contrary, oat 
was more productive in 1985 than 1983 and 1984. The poor 
growth of oat in 1983 may be due to the drought stress and 
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the higher than normal temperature during the summer of 1983. 
The relay intercropping system generally decreases all 
soybean plant characters except for number of branches per 
plant. Shading effects of oat probably caused the reduction 
in soybean grain yield in relay intercropping system (Ahmed 
and Rao, 1982). 
Soybean cultivar had no significant effect on any oat 
plant parameter. Nevertheless, oat tended to yield better 
•when Pella soybean was the companion crop in the relay inter­
cropping system. On the contrary, soybean cultivar signifi­
cantly affected seed weight, number of pods per plant, number 
of branches per plant, and plant height of soybean. However, 
soybean grain yield and plant height at harvest were unaf­
fected. Pella soybean tended to have greater grain yield 
than Hobbit and Asgrow 3127. 
All oat plant characters, except for kernel weight, 
were affected by CS row spacing. The greatest oat grain 
yield, total dry matter, and plant height were obtained in 
25-, 75-, and 51-cm CS row spacing, respectively. In 
contrast, the greatest soybean yield was achieved in the 51-
cm row spacing. 
Harvesting oat at physiological maturity and at harvest 
maturity did not affect oat grain yield but affected kernel 
weight and test weight of oat. The oat test weight and 
kernel weight, when the oat was harvested at harvest maturity. 
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was greater than at physiological maturity. 
Harvesting oat at dough stage resulted in the greatest 
soybean yield. Similar trends were observed in seed weight 
and plant height at harvest. Early removal of oat reduced 
the growth competition and shading effects of oat on soy­
bean. As a consequence, greater soybean yield and better 
plant performance were obtained. 
The efficiency of land utilization by different soybean 
cultivars in a relay intercropping system was evaluated. 
The result revealed that soybean cultivar did not affect 
LQ, Lg, and LER values in any year of study. When averaged 
across three years, only the Lg value was affected by soy­
bean cultivar. Pella soybean was likely to give greater Lg 
value than Asgrow 3127 and Hobbit. 
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GENERAL SUMMARY 
The main objective of the study was to investigate the 
potential of relay intercropping oat and soybean with vari­
ous CS row spacings, planting dates, and oat harvesting 
dates. Two experiments were conducted each year during 1983, 
1984, and 1985, at the Iowa State University Agronomy and 
Agricultural Engineering Research Center, Boone, Iowa. In 
experiment I, three CS row spacings and three soybean 
planting dates were investigated. In experiment II, three 
soybean cultivars, three CS row spacings, and three oat 
harvesting dates were studied. The results from the first 
experiment revealed that sole oat yield was 34% higher than 
intercrop oat yield. Soybean planting date did not affect 
oat grain yield. In addition, oat grain yield was affected 
by CS row spacing due to reduced oat stands. High oat 
grain yield and oat test weight were obtained when soybean 
was relay interplanted in the 25-cm row spacing. When the 
combined data were analyzed, the other oat plant characters 
were not affected by either cS row spacing or planting 
date of soybean. 
Sole cropped soybean yielded 54% higher than relay 
intercropped soybean. From the combined data of the relay 
intercropping system, CS row spacing did not affect 
soybean grain yield and other plant characters. Neverthe­
less, the tendency was for greater grain yield from relay 
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interplanting soybean in Sl-cm row spacing. In contrast, 
delayed soybean planting decreased soybean grain yield and 
seed weight. The difference in soybean yield was not ob­
served when soybeans were relay interplanted at the pre-boot 
or boot stage of oat. 
Determination of the LER value showed that a high value 
of LER was obtained when soybean was relay interplanted at 
the pre-boot and boot stages of oat (1.19 and 1.17, respec­
tively) and in 25-cm row spacing (1.31). 
The second experiment showed that soybean cultivar did 
not affect oat grain yield and other plant parameters mea­
sured. The greater oat grain yield and other plant parame­
ters were achieved when soybean was relay interplanted in 
the 25-cm row spacing. Oat harvest at physiological maturity-
resulted in greater oat grain yield and other plant charac­
ters as compared to harvesting at harvest maturity. However, 
the difference was not significant. When harvested at physio­
logical maturity, oat exhibited higher total dry weight than 
oat harvested at the dough stage. 
No yield differences were detected among soybean cul-
tivars investigated. However, Pella soybean tended to have 
greater grain yield than Hobbit and Asgrow 3127. Pella soy­
bean had greater seed weight and plant height at harvest but 
lower number of pods per plant than Hobbit and Asgrow 3127. 
Regardless of cultivars, relay interplanting soybean in 51-
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weight, plant height, and number of plants per hectare. 
The earlier the oat was harvested, the greater the soy­
bean yield. The greatest soybean yield and seed weight 
were obtained when oat was harvested at the dough stage. 
Evaluation of the LER value indicated that the LER was 
not affected by either soybean cultivar, CS row spacing, or 
oat harvesting date. Nevertheless, relay inteplanting Pella 
soybean in either 25-, 51-, or 75-cm row spacing and oat 
harvesting at physiological maturity yielded the highest 
LER value. 
Generally, this research suggests that either Pella, 
Asgrow 3127, or Hobbit soybean may be used in a relay inter­
cropping system. Soybean should be planted at the pre-boot 
or boot stage of oat. Oat harvest at physiological maturity 
resulted in higher LER values, greater oat total dry weight, 
and higher grain yield. The controversy stems from the 
optimum CS row spacing which would result in greater 
yield of both oat and soybean. The results indicate that 
greater oat grain yield was obtained when soybean was relay 
interplanted in the 25-cm row spacing. However, greater 
soybean grain yield was obtained when soybean was relay 
interplanted in the 51-cm row spacing. Due to the diffi­
culties in relay interplanting soybean in the 25-cm row 
spacing, relay intercropped soybean in 51-cm row spacing may 
be more practical. 
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In conclusion, the LER value shows that relay inter­
cropping of oat and soybean has potential in Iowa. The LER 
value greater than one indicates the potential agronomic 
advantage of a relay intercropping over a parallel sole 
cropping. However, the LER value greater than one does not 
exclude the necessity of absolute intercropped yield for 
calculating the net income when such a relay intercropping 
system is practiced. The following cultural practices were 
suggested; relay interplanting soybean at the pre-boot or 
boot stage of oat in Si-cm row spacing and harvest oat 
either for silage at the dough stage or for grain at physio­
logical maturity. 
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APPENDIX 
Table Al. Planting dates and harvesting dates of oat and soybean in 1983, 1984, 
and 1985 for experiment I 
Soybean 
. . a 
Planting 
date 
Harvesting 
date 
Planting date^ Harvesting 
dateb Year Pre-boot Boot Post-boot 
1983 4/29C 8/1 6/10 6/22 7/5 11/4 
1984 4/26 7/27 6/11 6/19 6/27 10/20 
1985 4/11 7/15 5/29 6/3 6/10 10/29 
^Planting dates of soybean were determined by the stages of oat development. 
^Oat and soybean were harvested for grain at maturity. 
^onth/date. 
Table A2. Total monthly precipitation (P) and average monthly temperature (T) for three years at 
the Iowa State University Agronomy and Agricultural Engineering Research Center, 
Boone, Iowa 
1983 1984 1985 
Month 
mm mm mm 
Jan 22.1 (+3.3) -3 .9 (+4.3) 13 .0 (-6.0) -8.0 (+0.2) 8 .9 (-9.9) -8.9 (-0.7) 
Feb 19.8 (-4.6) -1 .3 (-3.4) 20 .6 (-3.6) 0.9 (+5.6) 23 .6 (-0.8) -6.2 (-1.5) 
Mar 93.2 (+40.6) 2 .1 (+0.9) 29 .7 (-22.9) -1.6 (-2.8) 57 .9 (+5.3) 5.3 (+4.1) 
Apr 80.0 (-6.4) 6 .4 (-3.6) 173 .5 (+87.1) 8.9 (-1.1) 30 .7 (-55.7) 13.2 (+3.2) 
May 157.7 (+46.7) 13 .7 (-3.0) 128 .5 (+17.5) 14.9 (-1.8) 32 .0 (-79.0) 18.5 (+1.8) 
Jun 231.7 (+101.9) 21 .7 (+0.2) 167 .1 (+37.3) 22.5 (+1.0) 86 .1 (-43.7) 20.1 (-1.4) 
Jul 97.3 (+9.7) 25 .1 (+1.5) 86 .4 (-1.3) 22.9 (-0.3) 35 .6 (-52.0) 23.2 (-0.4) 
Aug 106.7 (+7.9) 25 .8 (+3.4) 7 .7 (-90.9) 23.5 (+1.1) 129 .0 (+30.2) 20.9 (-1.5) 
Sep 80.8 (-7.6) 18 .7 (+0.9) 101 .4 (+19.8) 17.7 (-0.1) 102 .4 (+20.9) 18.3 (+0.5) 
Oct 158.8 (+100.1) 11 .2 (-0.8) 93 .5 (+33.5) 11.8 (-0.0) 82 .0 (+23.3) 11.2 (-0.6) 
Nov 138.4 (+104.7) 3 .4 (40.5) 52 .3 (+18.5) 3.9 (+1.0) 10 .2 (-23.6) -1.7 (-4.6) 
Dec 8.9 (-13.0) -13 .1 (-8.9) 43 .2 (+21.3) -2.8 (+1.4) 32 .5 (+10.8) -11.5 (-7.3) 
Total 1195.1 (+390.1) 915 .7 (+110.7) 639 .9 
O
 1 
^Figures in parentheses give departure from 30 years mean (1951-1980). 
Table A3. Analyses of variance of oat plant characters for different cropping systems measured 
during 1983, 19B4, 1985 and from the combined data 
Source of 
variation df 
Grain yield Kernel weight Plant height Test weight^ 
MS PR>F MS PR>F MS PR>F df MS PR>F 
1983 
kg ha~^ 
(xl03) 
kg ha ^ 
(xl03 
—3 
kg m 
Rep 2 76 0.6736 4.44 0.3841 73.8 0.0217 
Cropping system 1 553 0.0998 0.18 0.8419 26.5 0.2171 
Error 26 190 4.47 16.6 
Overall mean 1 37.5 69.1 
CV (%) 40.6 5.6 5.9 
1984 
Rep 2 208 0.4104 1.12 0.6583 52.6 0.0049 95 0.3012 
Cropping system 1 2027, 0.0059 15.4 0.0265 35.1 0.0462 44 0.4518 
Error 26 225 2.8 8.0 75 
Overall mean 2 32.5 77.2 384.7 
CV (%) 23.2 5.1 3.7 2.3 
1985 
Rep 2 921 0.8721 0.48 0.8947 2.98 0.7880 55 0.4803 
Cropping system 1 4624 0.0142 3.79 0.3566 129.4 0.0033 629 0.0071 
Error 26 669 4.31 12.4 73 
Overall mean 2 39.1 75.1 401.3 
CV (%) 35.3 5.3 4.7 2.1 
Combined data 
Year 2 12905 365.0 0.0001 527.7 0.0001 1 411.7 0.0001 
Rep (Yr) 6 4 
Cropping system 1 6213 13.0 0.1312 49.2 0.2279 1 50.3 0.0750 
Yr X Trt, error 26 923 5.0 32.2 17 14 
Overall mean 2 36.4 73.8 393.0 
CV (%) 17.1 4.8 3.0 1.7 
^Oat test weight was measured only in the 1984 and 1985 experiments. 
Table A4. Mean squares from the analyses of variance of oat plant characters in relay inter­
cropping system measured .during 1983, 1984, 1985 and the combined data 
Source of 
variation df 
Grain yield Kernel weight Plant height Test weight 
MS PR>F MS PR>F MS PR>F df MS PR>F 
kg ha"^ mg mm q kg-3 
(xlO^) (xlO"*) 
2 89 0.4864 3.00 0.3959 81.1 0.0004 
2 989 0.0032 6.01 0.1964 26.2 0.0302 
1 1440 0.0001 
1 538 0.0100 
2 35 0.7441 1.01 0.7590 4.0 0.5279 
4 245 0.1307 13.02 0.0206 64.5 0.0002 
16 118 3.20 6.0 
1 37.5 69.4 
33.4 4.77 3.5 
2 201 0.0796 2.01 0.2478 34.3 0.0057 77 0.2297 
2 1439 0.0001 1.03 0.5045 37.6 0.0041 21 0.0010 
1 2159 0.0001 
1 718 0.0100 
2 235 0.0559 3.69 0.1092 3.6 0.4851 55 0.3433 
4 351 0.0071 5.37 0.0254 7.1 0.2520 8 0.9498 
2 673 0.0015 
2 29 
16 68 1.44 4.7 47 
2 32.2 76.8 384.3 
13.3 3.7 2.8 1.8 
1983 
Rep 
CS row 
spacing (Sp) 
Linear 
Lack of fit 
Soybean planting 
date (PD) 
Sp X PD 
Error 
Overall mean 
CV (%) 
1984 
Rep 
Sp 
Linear 
Lack of fit 
PD 
Sp X PD 
PD X Sp (LOF) Error 
Overall mean 
CV (%) 
^0 t test weight was measured only in the 1984 and 1985 experiments. 
Table A4. (Continued) 
Source of 
variation df 
Grain yield Kernel weight Plant height Test weight 
MS PR>F MS PR>F MS PR>F df MS PR>F 
kg ha ^ mg mm „ kg m ^ 
(10 (xlO ) 
1985 
Rep 2 181 0.2268 0.32 0.9279 4.2 0.2579 115 0.0712 
es row 
spacing (Sp) 2 7085 0.0001 14.04 0.0645 125.4 0.0001 456 0.0006 
Linear 1 4921 0.0043 
Lack of fit 1 9249 0.0020 
Soybean planting 
date (PD) 2 396 0.0524 2.14 0.6170 4.8 0.2208 26 0.5131 
Sp X PD 4 68 0.6571 2.07 0.7493 1,8 0.6406 14 0.8153 
Error 16 111 4.29 2.9 37 
Overall mean 2 39.0 74.4 399.7 
CV (%) 15.2 5.3 2.3 1.5 
Combined data 
Year (Yr) 2 10232 0.0001 345.11 0.0001 384.8 0.0004 2 3220 0.0001 
Rep within Yr 6 
Sp 2 7543 0.0001 5.00 0.5334 30.1 0.3790 2 975 0.0001 
Linear 1 7964 0.0004 1 1145 0.0001 
Lack of fit 1 7122 0.0100 1 806 0.0100 
PD 2 405 0.3782 4.00 0.5590 3.1 0.8988 2 29 0.2319 
Sp X PD 4 214 0.7046 2.01 0.9123 40.7 0.2809 4 16 0.4914 
Yr X Trt - error 16 392 7.02 29.2 8 08 
392.0 
Overall mean 1.7 36.2 73.5 1.7 
CV (%) 18.2 4.8 2.9 
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Table A5. Mean values for oat plant characters in the relay-
intercropping system as affected by soybean plant­
ing date in 1983, 1984, 1985, and the combined 
data 
Soybean Grain Kernel Plant Test 
planting date yield weight height weight 
—— -- _3 Stage of oat kg ha mg seed mm kg m 
1983 
Pre-boot 1082 37.2 690 
Boot 1039 37.8 702 
Post-boot 959 37.6 690 -
LSDn 343 NS 1.8 NS 24 NS 
SE 114 0.6 8 
1984 
Pre-boot 2139 31.7 761 383.2 
Boot 1822 32.0 772 382.6 
Post-boot 1927 32.9 771 387.1 
LSD-, nc 260 NS 1.2 NS 22 NS 6.9 NS 
SE 87 0.4 7 2.3 
1985 
Pre-boot 2345 38.9 775 398.2 
Boot 2269 38.6 774 401.6 
Post-boot 1949 39.5 737 399.4 
LSDn nq 333 NS 2.1 NS 17 NS 6.1 NS 
SE 111 0.7 6 2.0 
Combined data 
Pre-boot 1855 35.9 734 390.7 
Boot 1710 36.1 739 392.1 
Post-boot 1612 36.7 733 393.3 
LSD- ns 361 NS 1.5 NS 31 NS 3.1 NS 
SE 121 0.5 1.0 1.0 
^Oat test weight was not determined in 1983. 
^Least significant difference (P<0.05). 
^S = not significant according to F-test. 
Table A6. Simple correlations among CS row spacing, soybean planting 
date, and oat characteristics measured during 1983, 1984 and 1985 
Characteri stic Sp PD GYld KW Ht TW 
1983 
CS row spacing (Sp) 
Soybean planting date (PD) 
Oat grain yield (GYld) 
Oat kernel weight (KW) 
Oat plant height (Ht) 
1984 
CS row spacing (sp) 
Soybean planting date (PD) 
Oat grain yield (GYld) 
Oat kernel weight (KW) 
Oat plant height (Ht) 
Oat test weight (TW) 
1985 
CS row spacing (Sp) 
Soybean planting date (PD) 
Oat grain yield (GYld) 
Oat kernel weight (KW) 
Oat plant height (Ht) 
Oat test weight (ÏW) 
0 
0 
0 
-0.53** 
-0. 12 
-0.59** 
-0.18 
-0.53** 
-0.20 
0.17 
0. 86 
0 . 0 1  
-0.18 
0. 34 
0. 18 
-0.50** 
0.12 
0.23 
- 0 . 2 8  
-0 .001 
0.60** 
0.24 
0.21 
0.14 
-0.27 
0.06  
•0.37 
•0.17 
0.91** 
0.15 
-0.55** 
0.18 
0. 39* 
0.24 
0.41* 
-0. 52** 
0.06  
0.63** 
0.27 
0.57** 
Oat test weight was measured only in 1984 and 1985. 
*,**Indicate significance at 0.05 and 0.01 levels of probability, 
respectively. 
Table A7. Mean squares from the analyses of variance of soybean plant characters for different 
cropping systems measured during 1983, 1984, 1985 and from the combined data 
Source of 
variation df 
Grain yield Seed weight No. of pods pl~^ No. of br pl~^ 
MS^ PR>F MS PR>F MS PR>F MS PR>F 
kg ha J" mg 
1983 (xl03) 
Rep 2 35 0.8844 50.02 0.8543 70.1 0.1052 1.1 0.0815 
Cropping system 1 9,927 0.0001 1,195.10 0.0585 868.8 0.0001 0.48 0.2921 
Error 50 207 318.76 29.7 0.42 
Overall mean 2.1 158.9 23.5 1.4 
CV (%) 21.0 11.2 23.1 45.7 
1984 
Rep 2 59 0.6992 151.00 0.6247 93.2 0.3673 0.54 0.5417 
Cropping system 1 26,047 0.0001 658.11 0.1560 1189.1 0.0007 1.2 0.2417 
Error 50 164 317.24 91.2 0.87 
Overall mean 1.4 137.0 17.9 1.3 
CV (%) 29.0 13.0 53.4 70.7 
1985 
Rep 2 1 0.9650 84.0 0.6730 19.3 0.0234 0.51 0.1209 
Cropping system 1 32,353 0.0001 16,566.01 0.0001 120.3 0.0001 0.62 0.1068 
Error 50 29.6 211.23 4.8 0.23 
Overall mean 1.5 173.01 11.8 0.71 
CV (%) 11.4 8.4 18.4 67.2 
Combined data 
Year 2 9,349 0.0001 18,317 .*12 0.0001 1835.9 0.0001 7.95 0.0019 
Rep (Yr) 6 
Cropping system 1 64,796 0.0001 11,897.21 0.0002 1871.4 0.0001 0.338 0.5840 
Yr X Trt - error 50 383 726.00 101.3 1.11 
Overall mean 1.7 156.4 17.7 1.15 
CV (%) 12.4 7.1 21.8 40.7 
Table A7. (Continued ) 
Plant height at Plant height at _2 No. of plants m 
C m «M f flowering harvest Lodging score^ at harvest^ oourc6 or 
variation df MS PR>F MS PR>F MS PR>F MS PR>F 
mm mm 1-5 
1983 (xl02) (xlO^) 
Rep 2 51.8 0.7746 171.1 0.0992 
Cropping system 1 138.2 0.4116 16,383.9 0.0001 
Error 50 201.6 70.7 
Overall mean 42.8 82.6 
CV (%) 33.2 10.1 
1984 
Rep 2 62.5 0.0832 34.6 0.5841 0.02 0 .9009 30 0.9859 
Cropping system 1 4,004.2 0.0001 28,552.2 0.0001 8.90 0 .0001 10,340 0.0329 
Error 50 23.9 63.7 0.22 2,146 
Overall mean 46.1 79.7 1.7 45 
CV (%) 10.6 10.0 27.2 32.7 
1985 
Rep 2 49.9 0.0403 2.5 0.8786 2,473 0.0628 
Cropping system 1 2,311.5 0.0001 8,447.5 0.0001 18,205 0.0001 
Error 50 14.6 19.6 856 
Overall mean 30.9 57.0 59 
CV (%) 12.3 7.8 15.6 
Combined data df 
Year 2 3,438.7 0.0001 10,582.0 0.0001 1 54,778 0.0001 
Rep (Yr) 6 4 
Cropping system 1 5,052.4 0.0001 50,410.0 0.0001 1 27,992 0.0001 
Yr X trt - error 50 240.1 173.3 33 3,414 0.0001 
Overall mean 39.9 73.1 52 
CV (%) 9.3 6.1 14.3 
^Lodging score was- determined only in 1984. 
^Number of plants at harvest was determined in 1984 and 1985 but not in 1983. 
Table A8. Mean squares from the analyses of variance of soybean plant characters in the relay 
intercropping system measured during 1983, 1984, 1985 and the combined data 
Source of 
variation df 
Grain yield Seed we light No. of -1 pods pi No. of br pl"l 
MS PR>F MS PR>F MS PR>F MS PR>F 
kg ha"^ rag 
1983 
(x 10^) 
Rep 2 52 0.4615 124.11 0.2425 32.4 0.2355 0.2 0.2864 
CS row spacing (Sp) 2 194 0.0767 75.03 0.4131 4.8 0.7936 0.1 0.5541 
Soybean planting 
date (PD)® 2 1518 0.0001 3102.01 0.0001 87.2 0.0329 2.0 0.0007 
PD^ vs PD2 + PDo 1 2060 0.0001 
PD2 vs PD3 1 976 0.0013 
Sp X PD 4 85 0.3039 394.12 0.0088 3.5 0.9492 0.9 0.0066 
Error 16 64 80 20.5 0.2 
Overall mean 1.7 154.2 19.5 1.3 
CV (%) 14.6 5.8 23.2 30.5 
1984 
Rep 2 11 0.8466 105.00 0.6805 45.3 0.0103 0.29 0.3472 
Sp 2 379 0.0126 4.12 0.9862 38.9 0.0171 0.59 0.1332 
Linear 1 8 0.7329 
Lack of fit 1 750 0.0100 
PD 2 874 0.0004 3445.01 0.0005 207.9 0.0001 4.44 0.0001 
PD^ VS PD2 + PD3 1 170 0.1253 
PD2 vs PD3 1 1577 0.0002 
Sp X PD 4 63 0.4531 234.02 0.5012 18.1 0.0860 0.11 0.7924 
Error 16 65 267.30 7.3 0.25 
Overall mean .7 133.3 13.2 1.2 
CV (%) 36.5 12.3 20.5 43.2 
1985 
Rep 
Sp 
Linear 
Lack of fit 
PD 
PD^ vs PDg + PD3 
PD2 vs PDg 
Sp X PD 
Error 
Overall mean 
CV (%) 
Combined data 
Year 
Rep (Yr) 
Sp 
PD 
PDl vs PD2 + PD^ 
PD2 vs PDg 
Sp X PD 
Yr X Trt - error 
Overall mean 
CV (%) 
2 3 0.9259 60.05 
2 146 0.0355 849.00 
1 143 0.0612 
1 149 0.0600 
2 150 0.0326 290.0 
1 300 0.0100 
1 0.1 0.9500 
4 9 0.8923 1380.02 
16 35 . 191.84 
0.7 156.0 
25.6 8.9 
2 9363 0.0001 4266.01 
6 
2 432 0.0991 475.00 
2 1804 0.0009 5014.10 
1 190 0.2942 
1 3419 0.0003 
4 25 0.9593 156.11 
16 161 466.04 
1.1 147.8 
22.2 9.1 
^Soybean planting dates were gauged by stage of 
plant at pre-boot, boot and post-boot stage of oat. 
0.7371 15.9 0.0949 0.59 0.0253 
0.0013 4.3 0.4902 0.31 0.1201 
0.5366 7.7 0.2941 1.16 0.0022 
0.2954 5.0 
5.8 
10.4 
23.2 
0.5072 0.34 
0.13 
0.8 
42.9 
0.0662 
0.0022 591.12 0.0001 1.834 0.1756 
0.3832 32.29 0.4104 0.225 0.7908 
0.0011 80.90 0.1264 2.118 0.1383 
0.9520 16.79 0.9085 
34.28 
14.35 
23.3 
0.650 
0.944 
1.1  
38.5 
0.6106 
plant development: PD^, PDg and PDg = 
Table A8. (Continued) 
Source of 
No. of plants in~2 
harvest 
variation df MS PR>F 
1983 
Rep 2 
Sp 2 
PD 2 
Sp X PD 4 
Error 16 
Overall mean 
CV (%) 
1984 
Rep 2 193 0.7782 
Sp 2 246 0.7266 
PD 2 16,295 0.0001 
Sp X PD 4 43 0.9933 
Error 16 756 
Overall mean 41 
CV (%) 21.5 
1985 
Rep 2 2,943 0.0167 
Sp 2 773 0.2743 
PD 2 7,622 0.0005 
Sp X PD 4 135 0.0879 
Error 16 551 
Overall mean 51 
CV (%) 13.9 
Plant height at 
flowering 
Plant height at 
harvest 
MS PR>F MS PR>F 
Lodging score 
MS PR>F 
mm 
(xlO ) 
50.0 
16.9 
2094.0 
8 . 8  
20.7 
41.2 
11.0 
0.1209 
0.4599 
0.0001 
0.7892 
mm 
(xlO^) 
250.8 
186.2 
846.0 
20.1 
44.8 
65.1 
10.3 
0.0144 
0.0352 
0.0001 
0.7718 
1-5 
32.6 
48.5 
261.0 
3.6 
12.4 
37.5 
9.4 
0.1030 
0.0414 
0.0001 
0.8802 
18.6 
278.5 
556.9 
19.7 
32.2 
56.7 
10.0 
0.5720 
0.0028 
0.0001 
0.6606 
0.02 
0.07 
0.25 
0.03 
0.02 
1.3 
11.4 
0.4448 
0.0671 
0.0009 
0.2808 
4.5 
63.3 
41.7 
11.2 
5.9 
24.4 
9.9 
0.4854 
0.0011 
0.0063 
0.1593 
4.6 
75.4 
2.9 
13.8 
7.3 
44.5 
6.1 
0.5471 
0.0013 
0.6808 
0.1615 
Combined data 
Year 2 22,164 0.0001 2110.1 0.0001 2906.0 0.0001 
Rep (Yr) 6 
Sp 2 924 0.2580 47.0 0.6963 454.0 0.0818 
PD 2 2,349 0.0390 1491.2 0.0007 341.1 0.1428 
Sp X PD 4 917 0.2550 8.4 0.9912 9.8 0.9918 
Yr X Trt - error 16 5,504 127.0 154.0 
Overall mean 47 34.4 55.5 
CV (%) 17. 2 10.5 9.6 
^Lodging score was determined only in 1984. Lodging score from 1-5: 1 = upright to 5 = 
completely flat. 
Table A9, Simple correlations among soybean characteristics^ measured during 
1983, 1984 and 1985 
Charac­
teristic Sp PD GYld SW Ht Pods pi" ^ Br pl"l HF LDG^ 
1983 
Sp 0 -0.23 0.12 0.24 -0.07 0.14 -0.07 -
PD - -0.79** -0.80** 0.65** -0.11 -0.60** -0.94** -
GYld — 0.63** -0. 32 0.26 0.42* 0.75** -
SW — -0.57** 0.01 0.35 0.80** -
Ht _ - 0.20 -0.37 -0.61** -
Pods pi - 0. 32 0.15 — 
Br pl"l 
- 0.54** -
HF - •-
1984 
Sp 0 0.05 0.01 0.45* 0.01 -0.09 0.31 0 
PD - -0.50** -0.75** -0.43* -0.73** -0.76** -0.73** -0.28 
GYld — 0.23 0.75** 0.48* 0.49* 0.62** 0.25 
SW - 0.10 0.62** 0.63** 0.65** 0.22 
Ht - 0. 30 0.35 0.70** 0.53 
Pods pi - 0. 88 0.62** 0.09 
Br pl-1 - 0.60 0.17 
HF - 0.45 
LDG 
Sp, CS row spacing; PD, planting date; GYld, grain yield; SW, seed weight; 
Ht, plant height at harvest; Pods pl'i, no. of pods plant"!; Br pi"!, no. of 
branches plant"!; HP, plant height at flowering; LDG, lodging. 
^Lodging degree wais determined only in 1984. 
*,**Indicate significance at 0.05 and 0.01 levels of probability, 
respectively. 
Table A9. (Continued) 
Charac­
teristic Sp PD GYld SW Ht Pods pl"^ Br pl~^ HF LDG 
1985 
Sp 0 0.35 0.65** 0.49** -0.16 -0.29 0.59** 
PD - -0.44* -0.13 0.09 0.30 0.51** -0.43* 
GYld - 0.44* 0.38 -0.27 -0.35 0.65** 
SW - 0.26 -0.003 -0.22 0.30 
Ht ^ - -0.18 -0.09 0.55** 
Pods p^ - 0.60** -0.39* 
Br 
HF 
pl"-^ - -0.45* 
Table AlO. Analyses of variance for oat fraction (Lq), soybean fraction (Lg), 
and LER of the relay intercropping system in 1983, 1984, 1985, 
and the combined data 
Source of 
variation^ df 
Lo ^s LER 
MS PR>F MS PR>F MS PR>F 
1983 
Rep 2 0.0500 0.4121 0.0096 0.4482 0.0404 0.4646 
Sp 2 0.4379 0.0036 0.0234 0.1611 0.4395 0.0027 
PD 2 0.0215 0.6764 0.0158 0.2776 0.0722 0.2667 
Sp X PD 4 0.1175 0.1160 0.0139 0.3402 0.0605 0.3468 
Error 16 0.0535 0.0114 0.0502 
cv (%) 33.0 15.9 16.4 
1984 
Rep 2 0.0086 0.1828 0.0045 0.7926 0.0016 0.9099 
Sp 2 0.2395 0.0001 0.0682 0.0509 0.1111 0.0071 
PD 2 0.0169 0.0474 0.1160 0.0105 0.1398 0.0029 
Sp X PD 4 0.0312 0.0041 0.0160 0.6957 0.0388 0.0936 
Error 16 0.0045 0.0189 0.0162 
CV (%) 9.5 42.0 12.3 
1985 
Rep 2 0.0650 0.0490 0.0029 0.5591 0.0694 0.0554 
Sp 2 0.5209 0.0001 0.0264 0.0144 0.3413 0.0001 
PD 2 0.0419 0.1267 0.0351 0.0052 0.1123 0.0140 
Sp X PD 4 0.0126 0.5969 •0.0058 0.6611 0.0056 0.8857 
Error 16 0.0177 0.0047 0.0199 
CV i%) 20.7 21.7 14.7 
^Sp, cs row spacing; PD , soybean planting date. 
Table AlO. (Continued) 
Source of 
variation df 
^0 ^S LER 
MS PR>F MS PR>F MS PR>F 
Combined data 
Year 2 0.0322 0.4603 1.0774 0.0001 1.2688 0.0001 
Rep (Yr) 6 
Sp 2 0.0590 0.2542 0.0997 0.0191 0.3048 0.0061 
PD 2 1.1200 0.0001 0.0786 0.0380 0.6795 0.0002 
Sp X PD 4 0.0532 0.2959 0.0027 0,9648 0.0992 0.3654 
Yr X Sp X 
PD - error 16 0.0395 0.0195 0.0428 
CV (%) 23. 3 24.7 15.1 
Table All. Simple correlations! among L^, Lg, LER, their components (Ig, Sq, I g 
and Sg), CS row spacing ana soybean planting date during 
1983, 1984 and 3 985 
Charac-
1983 
Sp 
PD 
lo 
So 1 
lIR 
1984 
Sp 
PD 
lo 
I 
LER 
Sp PD % ^0 Is Ss Ls LER 
0 -0.51** 0 -0.51** -0.23 -0.15 -0.17 -0.60** 
- -0.14 0 -0.14 -0.79** -0.85** -0.28 -0.25 
-0.14 0.99** 0.002 0.25 -0.29 0.93** 
- -0.18 0.14 0.01 0. 20 -0.11 
- -0.01 0.25 -0. 30 0.93** 
- 0.73** 0.72** 0.28 
- 0.05 0.28 
0.08 
0 -0.70** 0 -0.70** 0.04 -0.31 0.15 -0.49** 
- -0.18 0 -0.19 -0.50** -0.79** -0. 31 -0.44* 
•- 0.08 0.98** -0.24 0.29 -0.35 0.56** 
- -0.09 0.07 0.09 0.02 -0.06 
- -0.26 0.28 -0.37 0.57** 
- 0.52** 0.94** 0.60** 
- 0.23 0.45* 
- 0.56* 
Sp, CS row spacing; PD, soybean planting date; Iq, intercropped oat 
yield; Sq, sole cropped oat yield; Lq, oat fraction; Ig, intercropped soybean 
yield; Sg, sole cropped soybean yield; Lg, soybean fraction; LER, LER of relay 
intercropping system. 
*,**Indicate significance at 0.05 and 0.01 levels of probability, 
respectively. 
Table All. (Continued) 
Charac­
teristic Sp PD lo ^0 Lo Is Ss Ls LER 
0 -0.53** -0.14 -0.45* 0. 34 -0.22 0.44* -0. 31 
- -0.19 0 -0. 17 -0.44* 0. 20 -0. 54** -0.39* 
- -0. 16 0.96** -0.42* 0.19 -0.36 0.88** 
- -0. 33 0.12 0.07 0.09 -0. 32 
-
-0.41* -0.18 -0.36 0.93** 
-
-0.29 0.94** -0.07 
-
-0.04 -0.21 
- 0.01 
1985 
Sp 
PD 
1, 
So 
I LER 
Table A12. Planting dates and harvesting dates of oat and soybean in 1983, 1984 
and 1985 for experiment II 
Oat 
Harvesting date^ Soybean 
Year 
Planting 
date 
Dough 
stage PM M 
Planting 
date" 
Harvesting 
date^ 
1983 4/29^ 7/8 7/20 8/1 6/32 11/4 
1984 4/26 6/29 7/16 7/27 6/19 10/20 
1985 4/11 6/27 7/2 7/15 6/3 10/29 
^Oat was harvested at dough stage, physiological maturity (PM), and at 
harvest maturity. 
^Soybean was planted at boot stage of oat. 
^Soybean was harvested for grain at harvest maturity. 
^Month/date. 
Table A13. Mean squares from the analyses of variance of oat plant char­
acters in relay intercropping system measured during 1983, 
1984 and 1985 
Source of 
variation 
Grain yield 
df MS PR>F 
Total dry matter 
MS PR>F 
1983 
Rep 2 
Soybean cultivar (C) 2 
CS row spacing (Sp) 2 
Linear 1 
Lack of fit 1 
Oat harvesting date (HD) 1 
C X Sp 4 
C X HD 2 
Sp X HD 2 
SPlin X HD 1 
Spiof X HD 1 
C X Sp X HD 4 
Error 34 
Overall mean 
CV (%) 
1984 
Rep 2 
C 2 
Sp 2 
Linear 1 
Lack of fit 1 
HD 1 
C X Sp 4 
C X HD 2 
Sp X HD 2 
C X Sp X HD 4 
Error 34 
Overall mean 
CV (%) 
kg ha 
(xl03 
65 
292 
572 
409 
736 
2,087 
229 
266 
601 
1,108 
195 
146 
95 
1 
26.0 
710 
217 
2,141 
709 
3,573 
313 
148 
33 
64 
160 
90 
2 
12, 
0.5098 
0.0594 
0.0058 
0.0500 
0.0100 
0.0001 
0.0680 
0.0749 
0.0026 
0.0016 
0.1063 
0.0001 
0.0084 
0=0010 
0.0716 
0.1871 
0.6942 
0.4997 
0.1578 
kg ha'^ 
(xl03) 
762 
1,261 
3,305 
1,560 
5,051 
10,096 
693 
582 
1,344 
427 
490 
2 
33.2 
442 
182 
5,104 
2,999 
7,210 
23,639 
287 
95 
223 
109 
110 
3 
10.2 
0.2254 
0.0909 
0.0034 
0.0800 
0.0100 
0.0001 
0.2498 
0.3173 
0.0786 
0.4909 
0.0270 
0.2049 
0.0001 
0.0001 
0.0001 
0.0001 
0.0523 
0.4290 
0.1472 
0.4251 
^Oat test weight was not determined in 1983. 
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% dry matter Kernel weight Test weight' Plant height 
MS PR>F MS PR>F MS PR>F df MS PR>F 
0.63 
1.42 
91.20 
0.9545 
0.8996 
0.0033 
mg seed -1 
3.01 0.6218 
11.10 0.1646 
20.00 0.0405 
kg m -3 ram (xlO^) 
2 348.4 0.0304 
2 49.3 0.5924 
2 105.9 0.3285 
2434.79 
18.73 
13.63 
65.41 
0.0001 
0.2559 
0.3727 
0.0137 
221.11 
5.12 
1.00 
1.00 
0.0001 
0.5342 
0.8290 
0.8400 
2 
4 
4 
4 
213.9 
163.4 
253.4 
347.0 
0.1108 
0.1524 
0.0394 
0.0097 
14.07 
1.34 
32.14 
11.4 
0.3963 3.10 
5.63 
36.7 
6.5 
0.6778 112.0 
93.2 
62.3 
15.5 
0.3162 
18.50 0.0124 8.01 0.1675 
0.61 0.8489 1.11 0.7254 
47.22 0.0001 14.00 0.0410 
3701 0.0028 2 40.7 0.0011 
331 0.5403 2 10.7 0.1738 
7324 0.0001 2 4.5 0.4676 
4674.18 0.0001 289.05 0.0001 11203 G .0001 2 282.4 0.0001 
1.91 0.7234 2.02 0.7415 350 0.6216 4 11.1 0.1263 
1.46 0.6763 4.00 0.4079 110 0.8125 4 1.4 0.9177 
18.22 0.0131 4.01 0.4005 1969 0.0341 4 6.7 0.3464 
4.17 0.3588 3.00 0.5917 268 0.7025 8 1.1 0.9928 
3.69 0.04 527 5.9 
33.10 30.3 373 .3 79.2 
5.8 6.7 6 .2 3.1 
Table A13. (Continued) 
Grain yield Total dry matter 
ouucce vi. 
variation df MS PR>F MS PR>F 
kg ha'l kg ha ^ 
1985 (xl03) (xlO^) 
Rep 2 243 0.0960 565 0.0233 
C 2 122 0.2954 103 0.4729 
Sp 2 11,982 0.0001 19,134 0.0001 
Linear 1 11,181 0.0001 14,363 0.0001 
Lack of fit 1 12,783 0.0001 23,905 0.0001 
HD 1 2,123 0.0001 37 0.6044 
C X Sp 4 42 0.7791 45 0.8542 
C X HD 2 10 0.9065 116 0.4308 
Sp X HD 2 565 0.0066 126 0.4000 
SPlin 1 710 0.0100 
SPlof 1 420 0.0500 
C X Sp X HD 4 49 0.7318 126 0.4526 
Error 34 97 134 
Overall mean 2 3 
CV (%) 14.7 10.9 
146 
% dry matter Kernel weight Test weight Plant height 
MS PR>F MS PR>F MS PR>F df MS PR>F 
—1 —3 
mg seed kg m nm 
(xlO ) 
37.37 0.0008 6.01 0.1540 583 0.0018 2 16.6 0.0339 
3.17 0.4817 7.00 0.1087 9 0.8866 2 0.1 0.9718 
2.57 0.5518 1.03 0.8287 1207 0.0001 2 289.7 0.0001 
2163.30 0.0001 0.01 0.9753 31 0.5267 2 40.2 0.0005 
0.87 0.9345 2.03 0.5937 32 0.7940 4 2.2 0.7476 
0.01 0.9993 1.01 0.8302 35 0.6372 4 7.2 0.1952 
1.70 0.6740 2.00 0.6047 4 0.9500 4 4.8 0.3927 
2.87 0.6141 3.11 0.5147 73 0.4397 8 8.0 0.1112 
4.25 0.03 76 4.6 
40.11 38.3 396 74.4 
5.1 4.6 2.2 2.9 
Table A14. Mean squares of oat plant characters from the analyses of 
variance for the combined data of 1983, 1984 and 1985 
Source of 
variation df 
Grain yield Total dry matter 
MS PR>F MS PR>F 
-1 -1 kg ha kg ha 
(xlO^) (xlO^) 
Year 2 20,691 0.0001 26,524 0.0001 
Rep (Yr) 6 
Soybean cultivar (C) 2 115 0.8050 316 0.6945 
Oat harvesting 
data (HD) 2 100 0.6665 22,614 0.0001 
CS row spacing (Sp) 2 10,544 0.0001 23,717 0.0001 
Linear 1 7,760 0.0500 15,279 0.0001 
Lack of fit 1 13,328 0.0100 32,155 0.0001 
C X HD 2 143 0.7652 634 0.4848 
C X Sp 4 246 0.7596 421 0.7426 
HD X Sp 2 19 0.9645 233 0.7634 
C X HD î; Sp 4 178 0.8501 119 0.9667 
Yr X C X HD X Sp -
error 34 527 857 
Overall mean 1 2. 
CV (%) 16.3 17.0 
^Oat test weight was determined from 1984 and 1985 experiments. 
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% dry matter Kernel weight Test weight^ Plant height 
MS PR>F MS PR>F df MS PR>F df MS PR>F 
mg seed kg m mm „ 
(xlO^ ) 
1022.87 0.0001 961.01 0.0001 1 
A 
13849 0.0003 2 6215.2 0.0001 
0.35 0.9804 8.02 0.3847 
4 
2 176 0.7688 
0 
2 26.5 0.6833 
8989.76 0.0001 377.10 0.0001 1 6211 0.0068 2 245.1 0.0357 
105.49 0.0065 20.03 0.1085 2 7145 0.0009 2 268.8 0.0265 
1 11100 0.0007 
1 3189 0.0500 
2.79 0.8568 3.01 0.7275 2 130 0.8224 4 94.4 0.2576 
2.85 0.9578 2.00 0.9222 4 154 0.9156 4 77.6 0.3550 
41.78 0.1134 2.00 0.7865 2 1074 0.2244 4 123.3 0.1453 
5.64 0.8668 2.14 0.9155 4 284 0.7838 8 37.9 0.8130 
17.99 9.22 17 657 52 69.0 
35.1 35.1 384 .7 . 71.9 
7.6 5.9 4 .5 8.2 
Table A15. Mean values of oat plant characters in the relay intercropping system 
as affected by soybean cultivar measured in 1983, 1984, 1985 and from 
the combined data 
Soybean 
cultivar 
1983 
Bella 
Asgrow 3127 
Hobbit , 
Grain 
yield 
Total 
dry matter 
Percent 
dry 
matter 
Kernel 
weight 
Test . 
weight' 
-kg ha -1 
1326 
1153 
1078 
209 NS 
73 
2244 
2278 
1803 
474 MS 
165 
% 
32.45 
32.06 
31.91 
2.50 NS 
0. 86 
-1 
mg seed 
36.8 
37.4 
35.8 
1.6 NS 
0.6 
kg m -3 
Plant 
height at 
harvest 
mm 
607 
632 
627 
53 NS 
19 
1984 
Fella 
Asgrow 3127 
Hobbi t 
LSD, 
SE 0.05 
2384 
2236 
2451 
204 NS 
71 
3184 
3221 
3374 
224 NS 
78 
32.92 
32,29 
33.09 
1.30 NS 
0.45 
30.7 
30.2 
30.2 
1.3 MS 
0.5 
378.1 
372.1 
369. 8 
15.6 NS 
54.0 
789 
788 
799 
13 NS 
5 
1985 
Pel la 
Asgrow 3127 
Hobbit 
LSD, 
SE '0.05 
2109 
2204 
2040 
211 NS 
73 
3338 
3463 
3328 
248 NS 
86 
39.70 
40.10 
40.54 
1.39 NS 
0.49 
b. 
Test weight was not determined in .1983. 
Least significant difference (P<0.05). 
37.9 
39. 1 
38.1 
1.2 NS 
0.4 
396.2 
395.2 
396.6 
5.9 NS 
21.0 
74 3 
74 5 
74 5 
12 NS 
4 
'NS = not significant according to F-test. 
Table Al5. (Continued) 
Soybean 
cultivar 
Grain 
yield 
Total 
dry matter 
Percent 
dry 
matter 
Kernel 
weight 
Test 
weight 
Plant 
height at 
harvest 
Combined data 
Pella 
Asgrow 3127 
Hobbi t 
èfo.05 
, -1 kg ha 
1940 
1864 
1856 
284 NS 
99 
2922 
2987 
2835 
362 MS 
126 
% 
35.0 
35.2 
35.2 
1.7 NS 
0.58 
-1 
mg seed 
35.1 
35.5 
34.7 
1.1 NS 
0.4 
-3 kg m 
387.2 
383.6 
383.2 
0.5 NS 
43.0 
mm 
713 
722 
724 
26 NS 
9 
Table A16. Simple correlation coefficients (r) of cultivar and CS row spacing 
of soybean and oat plant characters in relay intercropping system 
measured during 1983, 1984 and 1985 
Charac­
teristic C Sp HD TDM pm GYld KW Ht TW 
1983 
C 
Sp 
HD 
TEM 
PDM 
GYld 
KW 
Ht 
1984 
C 
Sp 
HD 
TEW 
PEM 
GYld 
KW 
Ht 
TW 
0 0 
0 
0 0 
0 
-0.20 
•0.19 
0.47** 
0.09 
"0.27* 
0.76** 
-0.03 
-0.21 
0.85** 
0.54 
0.01 
•0.10 
0. 97** 
0.80** 
-0.23 
•0.20 
•0.45** 
0.84 ** 
0.52 
0.06 
-0.25 
-0.17 
0.85** 
0.41 
-0.13 
-0.21 
0.66** 
0.45* 
0.27 
-0.11 
-0 .06 
-0.18 
0.75** 
0.52** 
0.63** 
0 .08  
0.08 
-0.05 
0.21 
0.59** 
0.26 
0.52** 
0.09 
0.12 
0.04 
0.15 
0.76** 
0.76** 
0.40 
-0.45** 
C, soybean cultivar; Sp, CS row spacing; HD, oat harvesting; TDM, 
oat total dry matter; PEM, oat percent dry matter; GYld, oat grain yield; 
oat kernel weight; Ht, oat plant height at harvest. 
^Oat test weight was not determined in 1983. 
*,**Indicate significance at 0.05 and 0.01 levels of probability, 
respectively. 
-0.10 
-0.46** 
0.44** 
0.57** 
0.83** 
0.13 
0.65** 
-0.27* 
KW, 
Table A16, (Continued) 
Charac­
teristic C Sp HD TEW PDM GYld KW Ht TW 
1985 
C 0 0 -0.01 0.05 -0.04 0.07 0.01 0.01 
Sp - 0 -0.56** -0.05 -0.60* 0.08 -0.43 -0.47** 
HD — 0.03 0.95** -0.26 -0.01 0.24* 0.07 
TIM - -0.01 0.98** -0.16 0.85** 0.52** 
PEM - 0.07 0.23 -0.04 0.27 
GYlcl - 0.04 0.87** 0.54** 
KW - -0.03 0.16 
Ht - 0.54** 
Table A17. Mean squares from the analyses of variance of soybean plant characters for different 
cropping systems measured during 1983, 1982, 1985 and from the combined data 
Source of 
variation df 
Grain yield Seed weight No. of pods pl~^ No. of br pl~^ 
MS PR>F MS PR>F MS PR>F MS PR>F 
kg ha ^ mg seed -1 
(x 10^) 
1983 
Rep 2 1,319 0.0661 403.22 0.3386 175.6 0.0041 5.1 0.0001 
Cropping system 1 684 0.2316 2080.01 0.0193 0.2 0.9350 1.2 0.1130 
Error 104 473 368.40 30.3 0.4 
Overall mean 2.3 133.10 28.9 1.1 
CV (%) 29.7 14.4 19.0 60.4 
1984 
Rep 2 2,002 0.0001 1097.02 0.0209 113.7 0.0001 3.9 0.0001 
Cropping system 1 23,392 0.0001 3004.01 0.0013 497.8 0.0001 0.01 0.9162 
Error 104 134 273.08 9.1 0.40 
Overall mean 1.5 123.5 14.7 0.84 
CV (%) 24.4 13.4 20.6 75.5 
1985 
Rep 2 189 0.1617 495.11 0.1824 3.2 0.8152 0.09 0.7796 
Cropping system 1 36,703 0.0001 8100.03 0.0001 398.0 0.0001 0.03 0.7882 
Error 104 102 286.06 15.3 0.36 
Overall mean 1.1 145.3 14.9 1.0 
CV (%) 27.9 11.6 26.3 62.7 
Combined data (x 10^) 
Year 2 39,196 0.0001 1723.0 0.0001 7163.0 0.0001 2.50 0.0279 
Rep (Yr) 6 
Cropping system 1 45,803 0.0001 2014.5 0.0001 582.0 0.0001 0.34 0.4813 
Yr X Trt - error 69 508 38.4 33.0 0.67 
Overall mean 1.7 134.0 19.5 0.98 
CV (%) 25.0 7.27 17.9 54.1 
Table A17. (Continued) 
Plant height at Plant height at No. plants m ^at 
Source of flowering harvest Lodging score harvest^ 
variation df MS PR>F MS PR>F MS PR>F MS PR>F 
1983 (xlO^) (xlO^) 
1-5 
Rep 2 140.7 0.0008 209.1 0.4591 
Cropping system 1 319.6 0.0001 3,367.9 0.0006 
Error 104 18.3 266.6 
Overall mean 39.0 74.0 
CV (%) 11.0 22.1 
1984 
Rep 2 128.9 0.1190 643.7 0.0074 1.8 0.1156 985 0.1652 
Cropping system 1 4871.3 0.0001 15,507.2 0.0001 56.1 0.0001 90 0.6777 
Error 104 59.3 125.0 0.8 518 
Overall mean 41.7 71.3 2.3 56 
CV (%) 18.5 15.7 38.6 12, .9 
1985 
Rep 2 41.9 0.1508 7.4 0.8820 5,288 0.2011 
Cropping system 1 2131.0 0.0001 4,004.1 0.0001 22,368 0.0003 
Error 104 21.7 59.2 1,623 
Overall mean 29.1 50.9 52 
CV (%) 16.0 15.1 24. ,5 
Combined data df 
Rep 2 4736.0 0.0001 17,230.0 0.0001 2 99 0.0001 
Rep (Yr) 6 4 
Cropping system 1 5970.1 0.0001 20,145.0 0.0001 1 98 0.0002 
Yr X Trt - error 69 89.0 384.1 69 21 0.0001 
Overall mean 36.6 65.4 52 
CV (%) 9.4 10.4 15. 0 
^Lodging score was determined only in 1984; no. of plants at harvest determined in 1984 
and 1985. 
Table A18. Mean squares from the analyses of variance of soybean plant 
characters in the relay intercropping system measured during 
1983, 1984 and 1985 
Source of 
variation^ df 
Grain yield Seed weight 
No. of 
pods pl~ 
MS PR>F MS PR>F MS PR>F 
-1 -1 kg ha mg seed 
(x 103) 
1983 
Rep 2 1430 0.3313 22.01 0.3826 100.8 0.0208 
C 2 95 0.7286 7972.11 0.0001 215.4 0.0005 
Sp 2 3860 0.0002 1277.02 0.0001 153.0 0.0034 
Linear 1 2982 0.0080 
Lack of fit 1 4738 0.0080 
HD 2 308 0.4544 628.01 0.0086 34.2 0.2516 
C X Sp 4 122 0.8654 88.00 0.5696 18.0 0.5640 
C X HD 4 216 0.6911 166.23 0.2530 15.4 0.6383 
Sp X HD 4 220 0.6843 75.10 0.6485 35.1 0.2295 
C X Sp X HD 8 198 0.8390 107.04 0.5340 8.8 0.9334 
Error 52 384 120.14 24.1 
Overall mean 2.3 130.50 28.9 
CV (%) 27.3 8.4 17.0 
1984 
Rep 2 1764 0.0001 1041.10 0.0001 95.8 0.0001 
C 2 724 0.0008 9322.0 0.0001 15.6 0.0722 
Dt(H) vs 
Indt(A+P) 1 380 0.0422 
A vs P 1 1068 0.0010 
Sp 2 1068 0.0001 309.11 0.0057 98.4 0.0001 
Linear 1 5 0.8146 
Lack of fit 1 2131 0.0001 
HD 2 858 0.0002 185.00 0.0402 9.1 0.2092 
HDi vs HDm + HD^ 1 1629 0.0001 
HD2 vs HD2 88 0.3214 
C X Sp 4 27 0.8730 32.21 0.6762 6.0 0.3854 
C X HD 4 49 0.6942 36.13 0,6225 1.6 0.8821 
Sp X HD 4 177 0.1048 46.04 0.4908 9.8 0.1559 
C X Sp X HD 8 56 0.7380 21.12 0.9234 2.7 0.8664 
Error 52 88 54.03 5.6 
Overall mean 1.2 120.5 13.4 
CV (%) 24.0 6.1 17.7 
= soybean cultivar, Dt = determinate, Indt = indeterminate, H = 
Hobbit, A = Asgrow 3127, F = Fella; Sp = CS row spaciïig; H2 = oat har­
vesting date, HD]^, HD2, HD3 = harvest at dough stage, at physiological 
maturity and at harvest maturity of oat, respectively. 
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No. of br pl~^ 
MS PR>F 
Plant height at 
oat harvest 
Plant height at 
flowering 
MS PR>F MS PR>F 
Plant height at 
harvest 
MS PR>F 
mm 
(xlO^) 
mm 
(xlO^) 
mm 
(xlO^) 
3.9 0.0003 49.9 0.0206 107.6 0.0004 45.3 0.3885 
3.4 0.0009 2.9 0.7859 58.7 0.0111 7620.0 0.0001 
2.0 0.0134 58.6 0.0111 202.2 0.0001 
0.5 0.3076 3643.9 0.0001 3.5 0.7476 596.7 0.0001 
0.4 0.4391 7.4 0.6522 15.9 0.2710 169.9 0.0114 
0.7 0.2031 5.2 0.7840 20.9 0.1537 127.3 0.0404 
0.3 0.6082 95.9 0.0001 6.4 0.7095 79.8 0.1656 
0.2 0.8409 21.7 0.0936 3.9 0.9536 45.8 0.4675 
0.4 11.9 11.9 47.1 
1.2 24.9 38.0 70.8 
53.8 13.9 9.1 9.7 
3.3 0.0001 41.8 0.0002 146.9 0.0001 765.9 0.0001 
5.5 0.0001 93.0 0.0001 944.4 0.0001 1534.9 0.0001 
2.0 0.0015 3.8 0.4010 232.u u.uuux /oz.? U.UUUi 
0.9 0.0386 3175.4 0.0001 105.4 0.0004 858.9 0.0001 
0.5 0.1491 0.6 0.9667 28.4 0.0583 27.4 0.5245 
0.1 0.9171 25.6 0.0004 30.9 0.0432 129.3 0.0085 
0.2 0.7082 2.9 0.5955 12.0 0.3995 115.5 0.0149 
0.2 0.7965 2.3 0.8001 4.1 0.9416 27.1 0.6057 
0.3 4.1 11.6 33.8 
0.8 20.2 37.8 64.4 
62.0 10.0 9.0 9.0 
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Table A18. (Continued) 
Source of 
variation df 
Lodging score 
MS PR>F 
No. of plants m 
harvest 
MS PR>F 
1984 
Rep 2 
C 2 
Dt(H) vs Indt(A+P) 
A vs P 
Sp 2 
Linear 
Lack of fit 
HD 2 
HD^ vs HD2 vs HDo 
HDo vs HD-
C X Sp 4 
C X HD 4 
Sp X HD 4 
C X Sp X HD 8 
Error 52 
Overall mean 
CV (%) 
1-5 
1.4 
0 . 6  
4.8 
7.4 
0.4 
0 .2  
0.3 
0 . 2  
0.5 
1.9 
37.1 
0.0779 
0.3033 
0.0003 
0.0001 
0.5461 
0.7822 
0.6140 
0.9402 
1,323 
1,219 
0.0168 
0.0226 
2,694 0.0004 
1,106 0.0315 
148 
459 
576 
580 
299 
56 
9.8 
0.7395 
0.2054 
0.1202 
0.0735 
1985 
Rep 2 
C 2 
Sp 2 
Linear 
Lack of fit 
HD 
HDi vs HDg + HD:, 
HDt vs HDo 
C X Sp 4 
C X HD 4 
Sp X HD 4 
C X Sp X HD 8 
Error 52 
Overall mean 
CV (%) 
1 
1 
1 
1 
3,020 
1,313 
34,941 
359 
839 
1,364 
384 
919 
49 
19. 
0.0453 
0.2489 
0.0001 
1,485 0.2086 
0.8141 
0.4636 
0.2204 
0.9049 
Table 18, (Continued) 
Source of 
variation df 
Grain yield Seed weight pods pi 
MS PR>F MS PR>F MS PR>F 
-1 -1 kg ha mg seed 
(x 103) 
1985 
Rep 2 342 0.0020 589.14 0.0017 22.0 0.0171 
C 2 57 0.3175 5668.01 0.0001 182.1 0.0001 
Sp 2 1588 0.0001 1294.12 0.0001 18.5 0.0316 
Linear 1 1510 0.0001 
Lack of fit 1 1667 0.0001 
HD 2 488 0.0002 64.05 0.4610 9.9 0.1476 
HDi vs HD~ + 
HD3 1 530 0.0018 
HD2 vs HDg 1 446 0.0038 
C X Sp 4 19 0.8213 229.10 0.0339 5.6 0.3534 
0 X HD 4 38 0.5393 41.02 0.7303 3.1 0.6572 
Sp X HD 4 9 0.9431 48.00 0.6676 12.9 0.7752 
C X Sp X HD 8 70 0.2075 25.12 0.9582 13.8 0.8668 
Error 52 49 81.22 5.0 
Overall mean 0.8 140.3 13.8 
CV (%) 27.5 6.4 16.2 
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Plant height at Plant height at Plant height at 
No. of br pi oat harvest flowering harvest 
MS PR>F MS PR>F MS PR>F MS PR>F 
mm ran rrrm _ 
(xlO^) (xlO^) (xlO^) 
0.4 0.1421 0.3 0.9219 33.5 0.0172 17.1 0.5571 
3.8 0.0001 2.9 0.4537 2.9 0.6863 632.8 0.0001 
3.6 0.0001 215.1 0.0001 505.7 0.0001 488.7 0.0001 
0.01 0.9472 1100.1 0.0001 0.9 0.8864 81.7 0.0682 
0.4 0.1132 1.2 0.8471 15.0 0.1130 30.4 0.3896 
0.1 0.8578 5.9 0.1820 9.1 0.5077 17.9 0.6491 
0.2 0.4745 10.4 0.0313 13.2 0.1560 12.9 0.7752 
0.1 0.7428 1.8 0.8562 20.8 0.0134 13.8 0.8668 
0.2 3.6 7.6 28.9 
1.0 14.5 26.6 . 47.4 
48.1 13.1 10.4 11.3 
Table A19. Mean squares of soybean plant characters in the relay inter­
cropping system from the analyses of variance for combined 
data of 1983, 1984 and 1985 
Grain yield Seed weight 
variation df MS PR>F MS PR>F 
-1 -1 kg ha mg seed 
(xl03) 
Year 2 46,057 0.0001 7,932.1 0.0001 
Rep (Yr) 6 
Soybean cultivar (C) 2 260 0.2968 22,184.0 0.0001 
CS row 
spacing (Sp) 2 1,400 0.0001 2,570.2 0.0001 
Linear 1 107 0.4765 
Lack of fit 1 8,093 0.0001 
Oat harvesting 
date (HD) 2 1,447 0.0022 694.2 0.0010 
HD^ vs HD2+HD 1 2,593 0.0001 
HDg vs HD3 1 301 0.2354 
C X Sp 4 89 0.7902 285.1 0.0181 
C X HD 4 66 0.8669 94.0 0.3738 
Sp X HD 4 91 0.7840 60.3 0.6106 
C X HD X Sp 8 91 0.8934 70.1 0.6018 
Yr X C X HD X Sp -
error 52 20,903 87.1 
Overall mean 143 130.4 
CV (%) 29.0 7.1 
a 
Oat harvesting date: HD^, HD^ = harvest at dough stage, at 
physiological maturity, and at harvest maturity of oat, respectively. 
161 
_1 Plant height at Plant height at No. of pod pi No. of br pi oat harvest flowering 
MS PR>F MS PR>F MS PR>F MS PR>F 
mm mm „ 
(xlO^) (xlO^) 
6325 0.0001 2.76 0.0013 2202 0.0001 3481 0.0001 
338 0.0001 10.75 0.0001 41.7 0.3930 393 0.0002 
117 0.0014 5.88 0.0001 39.6 0.4114 889 0.0001 
39 0.0877 0.88 0.0994 7282 0.0001 42.6 0.3501 
2.59 0.9549 0.44 0.3199 1.96 0.9961 8.92 0.9237 
7.96 0.7294 0.29 0.5319 21.7 0,7385 19.2 0.7491 
30.00 0.1190 0.01 0.9972 54.4 0.3051 11.7 0.8803 
4.28 0.9717 0.13 0.9405 12.5 0.9679 11.8 0.9643 
15.63 0.36 43.8 39.9 
18.7 0.99 19.9 34.1 
18.2 54.9 12.9 9.4 
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Table A19. (Continued) 
Source of 
variation 
Plant height at 
harvest 
No. of plants m ^ 
harvest 
df MS PR>F df MS PR>F 
Year 2 
Rep (Yr) 6 
Soybean cultivar (C) 2 
CS row 
spacing (Sp) 2 
Linear 
Lack of fit 
Oat harvesting 
date (HD) 2 
HD^ vs HD2 + HDg 
HD« vs HDo 
C X Sp 4 
C X HD 4 
Sp X HD 4 
C X HD X Sp 8 
Yr X C X HD X Sp -
error 52 
Overall mean 
CV (%) 
1 
1 
mm 
(xlO^) 
11,838 0.0001 
6,838 0.0001 
1,656 0.0001 
1,255 0.0009 
172 
200 
97 
24 
156 
60.9 
9.9 
0.3646 
0.2897 
0.6506 
0.9956 
1 
4 
2 
4 
4 
4 
8 
26 
20,290 0.0108 
2,123 0.4645 
10,000 0.0379 
2,320 0.4336 
277 
828 
• 694 
280 
2,688 
50 
14.9 
0.9805 
0.8700 
0.9019 
0.9987 
Table A20. Simple correlation coefficients (r) of oat har­
vesting date and soybean plant characters in the 
relay intercropping system measured during 1983, 
1984. and .1985 
Characteristic HD Sp GYld 
1983 
Oat harvesting date (HD) 
Soybean cultivar (C) 
CS row spacing (Sp) 
Soybean grain yield (GYld) 
Soybean seed weight (SDW) 
Plant height at harvest (Ht) 
No. of pods pl-1 (Pods pl-1) 
No. of branches pl~ (Br pl~ ) 
Plant height at oat harvest (HOH) 
Plant height at flowering (HF) 
0 
0 
•0.11 
•0.06 
-0.29** 
1984 
Oat harvesting date (HD) 
Soybean cultivar (C) 
CS row spacing (Sp) 
Soybean grain yield (GYld) 
Soybean seed weight (SDW) 
Plant height at harvest (Ht) 
No. of pods pl-1 (Pods pl"l) 
No. of branches pl-1 (Br pl~^) 
Plant height at oat harvest (HOH) 
Plant height at flowering (HF) 
Lodging (LDG) 
0 
0 
•0.33** 
0.001 
-0.02 
1985 
Oat harvesting date (HD) 
Soybean cultivar (C) 
CS row spacing (Sp) 
Soybean grain yield (GYld) 
Soybean seed weight (SDW) 
Plant height at harvest (Ht) 
of pods pl~^ (Pods pl~l'^ 
of branches pi"4- (Br pi"-'-) [ —li 
No. 
No. 
Plant height at oat harvest (HOH) 
Plant height at flowering (HF) 
— —0,02 -0 .02  
-0 .02  
-0.35** 
-0.08 
0.42** 
Lodging was not determined in 1983. 
*,**Indicate significance at 0.05 and 0.01 levels of 
probability, respectively. 
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SDW Ht Pods/pl Br/pl HOH HF LDG^ 
-0.21 -0.22* -0.11 0.14 0.88** -0.04 
-0.55** -0.81** 0.31** 0.02 -0.02 -0.24* -
0.30** 0.22 -0. 34** -0.10 -0.08 0.51** — 
0.03 0.03 0.24* 0.04 -0.05 -0.07 — 
- 0.65** -0.42** 0.04 -0.16 0.49** — 
- -0.21 -0.11 -0.20 0.36** -
- 0.35** -0.16 -0.55** -
- 0.10 -0.32** -
' 
0.11 
-
-0.10 -0.35** -0.14 0.21 0.95** -0.12 -0.47** 
-0.57** -0.50** 0.18 0.27* -0.05 0.26* -0.03 
0.13 0.31** -0.49** -0.31** 0.01 0.33** 0.40** 
0.41** 0.65** 0.45** 0.36** -0.25* 0.46** 0.36** 
- 0.52** -0.11 0.08 0.07 0.47** 0.35** 
- 0.07 -0.09 -0.27* 0.31** 0.61** 
- 0.60** -0.15 0.07 0.03 
- 0.25* 0.17 -0.14 
- -0.01 -0.43** 
0.44** 
-0.21 -0.07 -0.18 -0.001 0.85** 0 
-0.54** -0.44** 0.55** 0.43** -0.05 -0.02 -
0.33** 0.41** 0.15 -0.40** 0.37** 0.71** -
0.34** 0.67** 0.27* -0.30** -0.04 0.60** -
- 0.36** -0.43** -0.28* 0.09 0.32** -
- 0.07 -0.57** 0.05 0.39** -
- 0.36** -0.11 0.18 -
-
-0.23 -0.33** -
— 0.34** -
Table A21, Analyses of variance of the oat fraction (Lq), the soybean fraction 
(Lg) and LER of the relay intercropping system in 1983, 1984 and 1985 
and combined data of 1983, 1984 and 1985 
^0 LER 
Source of 
variation^ df MS PR>F MS PR>F MS PR>F 
1983 
Rep 2 0.0141 0.6805 0.3128 0.1503 0.3450 0.1864 
C 2 0.1039 0.0706 0.2136 0.2680 0.4857 0.0982 
Sp 2 0.2172 0.0059 0.3671 0.1104 0.0774 0.6760 
HD 1 0.8692 0.0001 0.0103 0.7987 0.6902 0.0688 
C X Sp 4 0.1215 0.0203 0.0919 0.6730 0.3646 0.1390 
C X HD 2 0.1048 0.0691 0.0198 0.8811 0.1436 0.4871 
Sp X HD 2 0.2291 0.0046 0.0247 0,8545 0.4028 0.1429 
C X Sp X HD 4 0.0634 0.1617 0.0341 0.9265 0.0952 0.7452 
Error 34 0.0362 0.1560 0.1954 
Overall mean 0.79 0.97 1.77 
CV (%) 23.9 40.6 25.0 
1984 
Rep 2 0.0765 0.0041 0.1519 0.0075 0.2577 0.0036 
C 2 0.0245 0.1214 0.0170 0.5378 0.0718 0.1716 
Sp 2 0.2694 0.0001 0.1560 0.0067 0.0154 0.6738 
HD 1 0.0416 0.0688 0.0166 0.4367 0.1107 0.0996 
C X Sp 4 0.0183 0.2107 0.0344 0.2964 0.0482 0.3098 
C X HD 2 0.0043 0.6984 0.0195 0.4907 0.0187 0.6209 
Sp X HD 2 0.0079 0.5180 0.0544 0.1473 0.1011 0.0877 
C X Sp X HD 4 0.0199 0.1754 0.0068 0.9072 0.0169 0.7818 
Error 34 0.0118 0.0268 0.0386 
Overall mean 0.83 0.49 1. 33 
CV (%) 13.0 33. 2 14.8 
1985 
Rep 
G 
Sp 
HD 
C X Sp 
C X  HD 
Sp X  HD 
C X Sp X HD 
Error 
Overall mean 
CV (%) 
Combined data 
Rep (Yr) 
C 
Sp 
HD 
C X Sp 
C X HD 
Sp X HD 
C X Sp X HD 
Yr X C X Sp X 
HD - error 
Overall mean 
CV (%) 
2 0.1434 0. 0001 
2 0.0104 0. 3459 
2 0.9987 0. 0001 
1 0.1781 0. 0001 
4 0.0031 0. 8600 
2 0.0009 0. 9079 
2 0.0513 0. 0089 
4 0.0052 0. 7041 
34 0.0094 0. 0226 
0.61 
15.9 
2 0.7638 0. 0005 
6 
2 0.0391 0. 6135 
2 1.2871 0. 0001 
1 0.1700 0. 1514 
4 0.0657 0. 5141 
2 0.0482 0. 5488 
2 0.0099 0. 8827 
4 0.0889 0. 6912 
34 0.0789 
0.75 
18.5 
^C, soybean cultivar; Sp, CS row 
0. 0994 0. 0199 0. 0576 0. 1987 
0. 0066 0. 7487 0. 0164 0. 6098 
0. 3218 0. 0001 0. 2988 0. 0007 
0. 0888 0. 0554 0. 0154 0. 4969 
0. 0130 0. 6842 0. 0237 0. 5796 
0. 0112 0. 6035 0. 0161 0. 6153 
0. 0028 0. 8863 0. 0634 0. 1585 
0. 0035 0. 9608 0. 0026 0. 9880 
0. 0226 0. 0326 
0. 36 0. 97 
u. 5 18. 5 
5. 5683 0. 0001 8. 5446 0. 0001 
0. 1453 0. 0295 0. 3014 0. 1093 
0. 7446 0. 0001 0. 1769 0. 2635 
0. 0353 0. 3362 0. 3602 0. 1019 
0. 0198 0. 7116 0. 1318 0. 4042 
0. 0048 0. 8802 0. 0237 0. 8312 
0. 0400 0. 8977 0. 0058 0. 9558 
0. 0263 0. 5911 0. 0514 0. 8052 
0. 0371 0. 1275 
0. 61 1. 36 
2. 9 21. 9 
; HD, oat harvesting date. 
Table A22. Simple correlations among LQ » Lg, LER, their 
components (IQ , SQ , IS  and Sg), soybean cultivar, 
es row spacing and oat harvesting date during 
1983, 1984, and 1985 
Characteristic C Sp HD 
1983 
Soybean cultivar (C) -00 
CS row spacing (Sp) - 0' 
Oat harvesting date (HD) 
Intercropped oat yield (IQ )  
Sole cropped oat yield (S^) 
Oat fraction (LQ) 
Intercropped soybean yield (Ig) 
Sole cropped soybean yield (Sg) 
Soybean fraction (Lg) 
LER of relay intercropping system (LER) 
1984 
Soybean cultivar (C) - 0 0 
CS row spacing (Sp) - 0 
Oat harvesting date (HD) 
Intercropped oat yield (IQ )  
Sole cropped oat yield (SQ) 
Oat fraction of oat (LQ )  
Intercropped soybean yield (Ig) 
Sole cropped soybean yield (Sg) 
Soybean fraction (Lg) 
LER of relay intercropping system (LER) 
1985 
Soybean cultivar (C) '-0 0 
CS row spacing (Sp) - 0 
Oat harvesting date (HD) 
Intercropped oat yield (IQ )  
Sole cropped oat yield (SQ )  
Oat fraction (LQ )  
Intercropped soybean yield (Ig) 
Sole cropped soybean yield (Sg) 
Soybean fraction (Lg) 
LER of relay intercropping system (LER) 
*,**Indicate significance at 0.05 and 0.01 levels of 
probability, respectively. 
168 
IQ So ^0 Is Ss Ls LER 
-0.22 0 -0.22 -0.13 0.03 -0,09 -0.20 
-0.18 0 -0.18 -0.35** -0.58** 0.27* 0.11 
-0.45** 0 0 0.003 -0.45** 0.04 -0.24 
— 0.04 0.99** 0.11 0.05 0.03 0.61** 
-
-0.001 0.33* 0.02 0.28* 0.22 
- 0.09 0.05 0.02 0.60** 
- 0.17 0.53** 0.57** 
- 0.50** 0.45** 
- 0.81** 
0.05 -0.002 0.06 0.03 0.22 -0.07 -0.02 
-0.25 -0.002 -0.25 -0.01 -0.40** 0.17 -0.04 
-0.17 0 -0.17 -0.09 0 -0.09 -0.21 
- 0.15 0.98** -0.05 0. 7 -0.12 0.61** 
- -0.05 0.56** 0.43** 0.38** 0.29* 
-
-0.17 0.08 -0.20 0.55** 
0.38** 0.88** 
-0.08 
0.63** 
-0.01 
0.71** 
-0.04 0 -0.04 -0.02 
-0.59** 0 -0.55** 0.42** 
0.25 0 0.25 -0.30* 
-0.10 0.97** -0.53** 
-0.31* 0.27* 
— —0.56* * 
0.13 -0.07 -0.11 
-0.63** 0.56** -0.15 
0.0001 -0.22 0.08 
0.22 -0.54** 0.55** 
-0.12 0. 30* -0.08 
-0.22 -0.57** 0.55** 
-0.27 0. 89** 0.05 
- -0.62** -0.31* 
- 0.25 
